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Population Crash 


And l saw another angel ascending from the east, having the 
seal of the living God: and he cried with a loud voice to 
the four angels, to whom it was given to hurt the earth and the 
sea, saying, Hurt not the earth, neither the sea, nor the trees . 

... The first angel sounded, and t/zere followed hail and fire, 
mingled with blood, am/ t/zey were cast apo/z £/ie earth: and 
the third part of trees was burnt up, and all green grass was 
burnt up: And the second angel sounded ,.. and the third 
part of the creatures which were in the sea, and had life, died . 

... And the third angel sounded .. . and the third part of 
the waters became wormwood; and many men died of the 
waters, because they were made bitter . And the fourth angel 
sounded ... and the day shone not for a third part of it, and 
the night likewise . And the fifth angel sounded . . . and there 
arose a smoke out of the pit, as the smoke of a great furnace; 
and the sun and the air were darkened by reason of the smoke 
of the pit . And there came out of the smoke locusts upon the 
earth .... And in those days shall men seek death, and shall not 
find it; and shall desire to die, and death shall flee from them . 
By these three was the third part of men killed, by the fire, 
and by the smoke, and by the brimstone .... And the rest of 
the men which were not killed by these plagues yet repented 
not of the works of their hands, that they should not 
worship devils, and idols of gold, and silver, and brass, and 
stone, and of wood . 

THE REVELATION OF ST JOHN THE DIVINE, 

Chapters 7, 8, and 9 
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I Man the Microbe 


Pur hacteria in a test-tube, with food and oxygen, and 
they will grow explosively, doubling in number every twenty 
minutes or so, until they form a solid, visible mass. But final¬ 
ly multiplication will cease as they become poisoned by their 
own waste products. In the centre of the mass will be a core 
of dead and dying bacteria, cut off from the food and oxygen 
of their environment by the solid barrier of their neighbours. 
The number of living bacteria will fall almost to zero, unless 
the waste products are washed away. 

Mankind today is in a similar position. The population is 
growing explosively, but the waste products of technology are 
beginning to take their toll. The pollutants which poison our 
air and water are not just an unfortunate by-product of 
technology; they pose a threat to life precisely because man’s 
growth has been so abnormally rapid. They are part of the 
feedback mechanism by which nature seeks to limit excessive 
growth. 

The eventual population crash, when the complexities of 
large scale become overwhelming, has yet to come. If the 
experience of other species can be taken as a guide, the 
population will fall to something like one-third the peak 
figure. All animal populations exhibit population explosions 
from time to time. All such explosions end in crashes. Will 
man prove the only exception? Or will his technological skill 
enable him to postpone the apocalypse, so that he flies higher 
only to fall further? 

Man is only one of three million species in the world. But 
today he consumes more food than all other land animals put 
together. Roughly, the numbers of any species are inversely 
proportional to their size. For obvious reasons there are far 
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14 The Doomsday Book 

more mosquitoes than elephants in the world. For his size, 
man was once a rare species. The population of the Stone 
Age has been estimated at a million or so. Neanderthal man, 
it has been estimated, lived at a density of one person to 2-5 
square miles. His numbers were conditioned by the density 
and distribution of game and edible plants, as well as by the 
risks of being eaten by a leopard or dying of fever. On 
balance, he just about replaced himself, and if a run of good 
luck caused the population to rise, he would cut it back by 
abortion, infanticide, or prolonging lactation. In the inter¬ 
glacial period, however, a dramatic change took place: 
thanks to a series of technological advances, man’s numbers 
began to increase steadily. 

Even so, it took until 1850 for the world’s population to 
reach a billion. But it took only until 1930 to add a second 
billion, a mere 80 years. By 1960, a third billion had been 
added—after only 30 years. The fourth billion will have been 
reached by 1975, a bare 15 years more. But the pace gets 
ever faster: a fifth billion by 1985-6, a sixth by about 
1993-6, a seventh by the year 2000 or soon after. This is not 
a population explosion , for in an explosion the particles lose 
speed as they move outwards. Here the speed is increasing all 
the time. Clearly the expansion cannot continue at this rate 
indefinitely—but so far there is no sign at all of slowing 
down. At the moment, as you read these lines, the earth’s 
population is growing at the rate of almost a hundred people 
a minute. 

So, if we have problems of crowding, pollution and a 
disturbed balance of nature now, what shall we have in thirty 
years or so? It is plain as a pikestaff that unless something 
very drastic is done, the situation will be literally intolerable. 
The impact of so many people will go far beyond a simple 
dirtying-up of our surroundings. It could drastically change 
the climate. It could disturb the balance of nature so radical¬ 
ly as to make life impossible for man in anything like his 
present numbers: for man’s continued existence depends 
upon the existence of many other species of plants and 
animals, upon which he feeds, and these in turn depend on 
others. But food is not the only thing on which life depends. 
The life cycle depends on the bacteria which destroy dead 
organisms, and on those organisms which restore to the air 


Man the Microbe 15 


lb# mvf/cn that man and animals consume, to name but two. 
i* N dtiN complete network of relationships which is at risk. 

If Ihis is the case, why have scientists not warned us long 
ago? t he answer is: they have, but only now are the warn¬ 
ing bring relayed by the mass media. They are warnings not 
|n«l of difficulties but of a major disaster. 

WOHOS OF WARNING 

An long ago as 1959, Dr David Price of the US Public 
II. dlh Service said: ‘We all live under the haunting fear that 
something may corrupt the environment to the point where 
•tint) joins the dinosaurs as an obsolete form of life.’ And he 
tidded ominously: ‘And what makes these thoughts all the 
more disturbing is the knowledge that our fate could perhaps 
be sealed twenty or more years before the development of 
symptoms.’ 

liven easier than this, in 1957, Professor F. R. Fosberg 
made a slightly different point: ‘It is entirely possible that 
man will not survive the changed environment that he is 
creating,’ he said, ‘either because of failure of resources, war 
over their dwindling supply, or failure of his nervous system 
to evolve as rapidly as the change in environment will re¬ 
quire.’ 

The world remained notably unmoved, and in 1968 Dr 
Fraser Darling, Scottish-born research director of the Con- 
Nervation Foundation in Washington, told the representatives 
of 70 nations in Paris, assembled to discuss just this problem, 
‘The fear is now whether we can rehabilitate, or are causes 
and consequences setting up their own repercussive oscilla¬ 
tions to an extent we cannot control?’ The calling of this 
meeting at least was a sign of progress, and the delegates 
adopted, with an unanimity rare in international gatherings, a 
whole set of recommendations for tackling the problem. 

But these are men professionally concerned with health 
and conservation. What about hard-headed administrators? 
The President of the Rockefeller Foundation, in a report 
issued about the same time as the meeting in Paris, wrote: 
‘We are on the threshold of a new ecological crisis, because 
of our failure to establish a balance between resources, their 
utilization and our requirements.’ The inventor of the term 
‘ecosphere’, Professor LaMont Cole, was prepared to put it 
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more strongly. In an article starkly entitled ‘Can the World 
be Saved?’ he lamented ‘man’s apparent intention to damage 
beyond repair the ecosystems which sustain him’. Not only 
Americans are concerned. For instance, Goran Lofroth, a 
Swedish scientist, asserts: ‘There is at least the possibility of a 
human tragedy of global proportions occurring if our present 
practices continue unrestrained. Must we demand the evi¬ 
dence of catastrophe before we act?’ 

Though I could extend the list easily enough, I shall cite 
just one more. Professor Barry Commoner, director of Wash¬ 
ington University’s Center for the Biology of Natural 
Systems. In his book Science and Survival he declares: ‘I 
believe that the cumulative effect of these pollutants, and 
their interactions and amplification, can be fatal to the com¬ 
plex fabric of the biosphere. And because man is, after all, a 
dependent part of this system, I believe that continued pollu¬ 
tion of the earth, if unchecked, will eventually destroy the 
fitness of this planet as a place for human life.’ You cannot 
put it plainer than that. 

These are fantastically strong assertions, yet they have 
caused relatively little impact. By and large, men do not 
conduct their affairs as if the planet were on the verge of 
becoming uninhabitable. The threat is too serious to take 
seriously. Are these scientists grossly overstating their case to 
gain attention? If so, they have defeated their own ends. Or 
are they in earnest, and are we too complacent or unimagi¬ 
native to listen? 

Part of the difficulty, I suspect, is that they have not 
spelled out their predictions in sufficient detail. Words like 
‘the complex fabric of the biosphere’ are too general and 
abstract to mean much to anyone who is not a biologist, 
most of whom have never heard a word like ‘biosphere’ 
before. My object in writing this book is therefore to make 
the predicted breakdown as explicit as is possible in the 
present state of our knowledge. It is a book about the next 
thirty years—a survey of the problems which are looming, 
not a summary of those we already know about. It has little 
to say about smog and industrial effluent, much about cli¬ 
mate and the great cycles on which all life depends. 
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e* 4< nnmr it au rii 

I*m# million* of years we have known a world whose resour- 
»*-« iMi'inct! illimitable. However fast we cut down trees, 
HtOtiifi unaided would replace them. However many fish we 
IohIi horn the sea, nature would restock it. However much 
toWMtm wr dumped into the river, nature would purify it, just 
h* *Ini would purify the air, however much smoke and fumes 
*%#» put Into it. Today we have reached the stage of realizing 
Hint ilvcm can be polluted past praying for, that seas can be 
m i l fished and that forests must be managed and fostered if 
they mo not to vanish. 

Hut wo still retain our primitive optimism about air and 
wafer. Ill ere will always be enough rain falling from the 
to meet our needs. The air can absorb all the filth we 
♦ «in to put in it. Still less do we worry whether we could 
evn run short of oxygen. Surely there is air enough to 
In rathe? Who ever asks where oxygen comes from, to begin 
with? They should—for we now consume about 10 per cent 
of all the atmospheric oxygen every year, thanks to the many 
forms of combustion which destroy it: every car, aircraft and 
power station destroys oxygen in quantities far greater than 
men consume by breathing. 

Hie fact is, we are just beginning to press up against the 
limits of the earth’s capacity. We begin to have to watch 
what we are doing to things like water and oxygen, just as we 
have to watch whether we are over-fishing or over-felling. 
The realization has dawned that earth is a spaceship with 
ntrictly limited resources. These resources must, in the long 
run, be recycled, either by nature or by man. Just as the 
astronaut’s urine is purified to provide drinking water and 
just as his expired air is regenerated to be breathed anew, so 
ull the earth’s resources must be recycled, sooner or later. Up 
to now, the slow pace of nature’s own recycling has served, 
coupled with the fact that the ‘working capital* of already 
recycled material was large. But the margins are getting 
smaller and if men, in ever larger numbers, are going to 
require ever larger quantities, the pace of recycling will have 
to be artificially quickened. 

All we have is a narrow band of usable atmosphere, no 
more than seven miles high, a thin crust of land, only 
one-eighth of the surface of which is really suitable for 
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people to live on, and a limited supply of drinkable water, 
which we continually reuse. And in the earth, a capital of 
fossil fuels and ores which we steadily run down, billions of 
times faster than nature restores it. These resources are tied 
together in a complex set of transactions. The air helps purify 
the water, the water irrigates the plants, the plants help to 
renew the air. 

We heedlessly intervene in these transactions. For in¬ 
stance, we cut down the forests which transpire water and 
oxygen, we build dams and pipelines which limit the move¬ 
ment of animals, we pave the earth and build reservoirs, al¬ 
tering the water cycle. So far, nature has brushed off these 
injuries as pinpricks. But now we are becoming so strong, so 
clever and so numerous, that they are beginning to hurt. 

The area in which our arrogance has become most obvious 
is that of pollution. It is beginning to dawn on us that we are 
affecting our health and the viability of animals. It is a newer 
idea that it also poisons plants. In the US, damage to nursery 
gardens and vegetable growers is already put at $500m. 
(<£200m.) a year, not counting possible indirect losses result¬ 
ing from changing the climate by pollution. In one county of 
Florida alone, farmers have had to abandon 150,000 acres of 
pasture. Most orchid growers have left New Jersey because 
ethylene from cars damages the flowers. In California, 10,- 
000 acres of pines have been damaged. Near Niagara Falls 
farming is ‘almost finished’. These are facts which only came 
to light after the Clean Air legislation of 1967. 

POLLUTION AND SUPER-POLLUTION 

Pollution—the simple, visible kind of pollution—is now 
worldwide. When Apollo 8 took photographs of the earth’s 
surface, where did they reveal the most serious smog and 
polluted air? Not over Los Angeles, which has somehow got 
the reputation of having the biggest and nastiest smogs, but 
over Osaka and Tokio in Japan. Along this strip 34 tons of 
dirt a month fall on every square kilometre, compared with a 
mere 17 tons in New York. Coastal vessels collide regularly 
or run aground, because they cannot see each other’s naviga¬ 
tion lights in daylight, or because light-buoys are invisible. 
Traffic policemen go back to the police-station after four 
hours on duty and breathe pure oxygen from cylinders, to 
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Ui« it nu bon -monoxide-loaded blood. In cafes 
■ill g^ide* min in i lie-slot machines dispense oxygen to 
M|fig«p^f« win» feel themselves about to collapse. In school, 
ifee * hilth< ii wnu face-masks while they do their lessons on 
Iff** 4g wanting day*. 

mm how found near most large cities and it is not 
I# d»*i u inti pent ture inversion is needed for their forma- 
Mmm nMhliglit alone is the precondition. The Po Valley is just 
Mg hi f<M «nmg. So is Durban in Africa, Rio de Janeiro, 
tftlHt'y . ot course London and New York have smogs. 
AHvottr who has flown across the Atlantic from Europe is 
BMi to have noticed the sharp onset of industrial haze as 
the mm»m in reached, and if he continues to Chicago, say, he 
*Mi mu most days, see the pall darken over the cities, such as 
ihdf*dn, Detroit, and Chicago itself. In researching this book, 
l w down to the Oak Ridge National Laboratory, 20 miles 
Immh Knoxville, Tennessee. Out at Oak Ridge, the air was 
My*hd dear. As I approached Knoxville, it grew hazier and 
f m mm ihe plane, after take-off, I could see the wide pall lying 
flu w ii wind from the city. But, compared with Los Angeles, 
KiHHivillo is quite small, and Tennessee is a remote and 
Mionlly rural state. 

Again, everyone knows that Lake Erie is badly polluted, 
tlul lew people realize that most of the important lakes of 
l mi ope arc dead or dying. The Lake of Zurich has been 
devoid of life ever since the introduction of piped sanitation 
id I ho close of the last century. The Tegemsee, claimed by 
i m uny as the most beautiful lake in Germany, has been 
tendered abiotic by the sewage from the surrounding hotels. 

I lie North Italian lakes are, with the exception of Lake 
i I til’d a, polluted either by industrial effluent or by sewage, or 
holh. Lake Orta, with its island and ancient basilica, has been 
completely dead since the twenties. The list runs on, from the 
Ncliliersee in Austria, through many Swedish lakes, to Lake 
Balaton in Hungary. 

Even the Russians have pollution problems, and currently 
n movement k developing to protect Lake Baikal, the deepest 
freshwater lake in the world, from the effluent of a growing 
pulp and paper industry. One-third larger than Lake Erie, 
Baikal is a place of almost mystic importance to Russians, 
the scene of many an ancient legend. Russia has river pollu¬ 
tion problems too. Moreover, each country affects others. 
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The Dutch, at the mouth of the Rhine, receive the effluen! of II 
Germany higher up. The Swedes complain that their riven I 
are made acid by the sulphur oxides which are washed down I 
in the rain, and originate in the Ruhr, the centre of German I 
steel making, and in Britain. 

It was Professor Larry Slobodkin of the Department of I 
Biology at Stony Brook (State University of New York) who I 
told me why Scottish fish-farming experiments came to grief. | 
By closing off the end of a loch, seeding it with fish fry and I 
dumping nutrients into the water, the Scots found they were I 
able to grow large numbers of easily-caught fish. The food on I 
which the fish thrived were the larvae of a brine-shrimp from I 
San Francisco Bay. These stand up to being transported in a I 
dormant condition and are equivalent to live food. But as the I 
Bay was filled in and polluted the supply dried up, and an I 
alternative had to be found. The Great Salt Lake also pro- I 
vides such larvae, but when these were placed in the loch all I 
the fish died. It turned out that the Utah farmers use heavy I 
loads of pesticide, which drain into the lake and get into the I 
brine-shrimps. The quantity is not enough to kill them, but 
when the Scottish trout have eaten a few hundred of them 
and concentrated the pesticide from all of them in their own 
tissues, the load has become a lethal one. Thus the desire of 
the Utah farmers to grow more cereal affects Scottish at- I 
tempts to produce more protein. That’s the kind of world it 
now is. 

The existence of environmental pollution has recently 
gained recognition as a major problem—but pollution is only 
part of the story. It is not simply that we load the environ¬ 
ment with gases, acids, metals and assorted poisons which 
comprise a damage to health. It is rather that we alter the 
environment in every possible way. We dump heat into it, 
and dust particles; we fell forests and pave over fields; we 
decimate one species of animal, and cultivate another; we 
make noises and dump trash. There is a limit to how muJh of 
this treatment it can take. 

If we dump sewage into a stream, on a small scale, the 
stream dissolves it and purifies it. Ten miles downstream the 
water is pure again. But if we dump large quantities of 
sewage, we end by killing the purifying bacteria, and then the 
stream has lost its power to purify. It can no longer deal 
even with the small quantity of sewage which it once ac- 
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■MM * if hunt difficulty. The system has broken down. For 
ipN HVtMw hr lining kind of pollution we need a new term: I 
ttU M hi/<g jttfllution. The same thing is true of man’s impact 
(M ih# environment in general. It can take so much heat, so 
diiM, d can stand the felling of so many acres of forest 
And the paving of so many acres of soil; but the point is 
(titsHy m hi lied at which the whole natural system collapses. 
Ttd* wa call an ecological catastrophe, and we do not know 
*bHln i mil'll catastrophes can ever be put right. They may 
hp itvpvrmible, or to reverse them may take so long that for 
ill pta< Ileal purposes the damage is permanent. 

life kind of breakdown which most alarms biologists at 
nl In not a simple physical alteration in the air or water, 
hmI hieak down of these biological chains of cause and 

pit pel The kind of process they have in mind is vividly 
biMftneed by Konrad Lorenz in his book King Solomon’s 
Hinu Describing an aquarium, he notes what happens when 
Vhildien and adults alike are unable to resist the temptation 
nf dipping just one more fish into the container, the capacity 
• •I whose green plants is already overburdened with animals. 
And just this one more fish may be the final straw which 
hit iik* the camel’s back. With too many animals in the 
(Mjimrlum, a lack of oxygen ensues. Sooner or later some 
ni nanism will succumb to this and its death may easily pass 
unnoticed. The decomposing corpse causes an enormous mul- 
I (plication of bacteria in the aquarium, the water becomes 
Unhid, the oxygen content decreases rapidly, then further 
animals die and, through this vicious circle, the whole of our 
i m cfully tended little world is doomed.’ 

Any closed world of organisms in which life is maintained 
1* called an ecosystem, from the Greek word for household, 
olkos. Aquaria and spacecraft are simple examples, contain¬ 
ing few species, and the relationships between them and their 
environment (the study of which is known as ecology) are 
easily understood. Spaceship Earth is a vast ecosystem, some¬ 
times called the ecosphere, in which the relationships are still 
far from being understood. Ecologists therefore slice it into 
convenient fragments, such as a deciduous forest, which they 
examine, disregarding its surroundings and taking the soil and 
climate as given. 

The disaster which scientists apprehend is an ecological 
disaster, and it is because few people understand about the 
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fragility and complexity of ecosystems that their warning 
have met so little response. 

Super-pollution is now world-wide in an even fuller sense 
than is pollution. The carbon dioxide and the dust particles 
which are beginning to affect the climate are spread through 
out the atmosphere: over India the dust is found at a height 
of over 20,000 feet above the ground. There is DDT at this 
level too, and in the bodies of Indians DDT is present in 
almost twice the quantities present in the bodies of Ameri¬ 
cans, which in turn is twice the British level. It is also widely 
spread through the animal world, even including penguins. 
Lead is present in the Pacific Ocean and in the air above it, 
in amounts many times the pre-industrial level, as it is also 
in the Arctic snows. Cadmium is found in the kidneys of Japa¬ 
nese in even greater amounts than are found in the kidneys 
of Americans. And it is impossible to take a 50-gallon sample 
of water from the sea anywhere in the world without finding 
measurable amounts of man-made radio-activity. 

Does this matter? Man has abused the environment be¬ 
fore. Most of the great deserts are the results of misuse of 
soil and water. The Rajputana desert in India, all 250,000 
square miles of it, was once heavily populated. The hard- 
tramped soil, denuded of vegetation, blew away, while the 
dust it became altered the weather, reducing the rainfall. In 
Roman days, the granary of the empire was in North Africa, 
where today the anchors of ships and ruined villas testify to a 
long-lost prosperity. Even now, the process has not ceased — 
the Sahara eats up another 30,000 acres every year. 

Man’s situation differs from that of the bacteria in the 
test-tube in two important respects. First, he is not alone in 
the test-tube, but is one of three million species, each one of 
which is dependent on many others for its existence. The 
annihilation of species on which man depends can harm man 
as much as if the damage were done to him in the first place. 
Secondly, he does not live between inert glass walls, but in a 
complex environment of air and water, soil and energy. 
Damage to that environment can damage man directly or 
damage him indirectly by handicapping species on which he 
depends. 
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m »h ti pKoni nM 

||l «,r the problem is the prevalence of people. If the 

« |...|iulutlon were 10 or 15 million, we could pollute as 
Eph m w* liked. The sea would cheerfully absorb the lead, 
gjUMHv Mild assorted filth we poured into it. Unless we all 
Into half a dozen great cities, for some unlikely 
| M „i. w. could not create a serious smog. The heat and the 
mjtfe w# should create would have no measurable effect on 
fam ♦IlhHitc, and even the radiation problem would be a 
ptiMi’t oini. The whole population of Elizabethan England 
pontd (in vc been sustained by a single nuclear power station. 
Whtln nil radiation does some harm, when it encounters living 
IhiHjj*, the chances of individuals intercepting any would be 
tout 1 1 i educed. 

t .inversely, at a world population of 7 billion or more, 
*, ¥tM i primitive technologies would create some impact. The 
produced by these 7 billion people would be none the 
•Mittller and the rivers could not easily absorb it. (But of 
»mu sc, we could never actually support so many with a 
P* null I ve technology. We should certainly need transport 
mi to shift the food from where it was grown to where 
M was to be eaten, to say nothing of fertilizer factories and 
motorized ploughs.) 

lu short, the more people the world carries, the more 
* meful we have to be about what we do with technology and 
Hu by products, the narrower the safety margins. 

According to current forecasts, the world’s population, 
which is doubling every 35 years, will be at or near 7 billion 
hy I he year 2000. This is unlikely to be an over-estimate for all 
picvious forecasts have proved too low—demographers seem 
In find it hard to believe their own figures, and hope for a 
decline in the speed of advance. So far there is no sign of it. 
And of course it is not going to stop when it reaches 7 
billion. It may double again by 2030—if the world has found 
out how to feed 14 billion people. 

This doubled population will, we must assume, be very 
much more industrialized than today. Advanced countries are 
expected to increase output by a factor of at least five times. 
Developing countries will at least have established extractive 
industries, backed by roads, airports and power-stations, and 
will be trying to export in order to be able to pay for 
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imported food and skills. Technology itself will have become 
more sophisticated and various. Doubtless new material*, 
even harder to dispose of than glass and plastic, will havl 
been invented. New drugs, reagents and pesticides with 11 J 
suspected side-effects will have been invented. New means of 
transport will abound: hovercraft will skim over lakes and 
commons to invade the once quiet areas beyond, as snowmo. 
biles now invade the silence of winter. A flurry of rocket* 
belted enthusiasts will leap about like grasshoppers, whilo 
overhead the skip-liners, circumnavigating the globe in five or 
six hours, will emit their sonic booms. 

More people with more technology spells more pollution, 
more environmental distortion and less privacy. Much of the 
damage will come from the attempts which will necessarily 
be made to feed the ever-increasing number of mouths, and 
to house their owners. The crash of falling timber, as forests 
are felled, will be echoed by the thunder of explosives, as 
canals and harbours are blasted into existence. 

It is obvious that this process cannot continue for ever: 
when will the poison-point come? Some maintain the world 
could support 15 billion people, one or two have put the 
figure as high as 30 billion. The earlier figure could come in 
the lifetime of those now living, so the question is not an 
academic one. It is my belief that the collapse will come 
considerably before this level is reached, perhaps quite soon. 

PYRRHIC VICTORY 

Naturally, as the problem grows more pressing, man will try 
to meet it. But as he is rather ignorant of the delicate web of 
relationships which go to make up his environment, his 
efforts to postpone the crisis may be the very thing which 
will bring it on. Or perhaps nature will take a hand: famine, 
plague and war are the classic controls on population. Any 
one or a combination of all three could cut the population 
back before environmental collapse occurs and thus, perhaps, 
give mankind a new lease of life and an opportunity to 
repeat his folly. And now we know that nature has yet 
another card up her sleeve: the undermining of potency and 
fertility at many points when crowding begins to create 
stresses, and eventual death from stress diseases. This is 
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BjfeitH mo*f likely outcome, and there are signs that it is 
Hlfefy I* Mimung to happen. 

a Pm Hiv part, I think man will surmount most of the 

t ip*#* 1 1' 11 bed in this book, but at tremendous cost and 
I narrow margin. In doing so, I fear, he could create 

| of life which would scarcely be worth living. By a 
fJttHFH't'Mi't technological effort, he may succeed in detoxify- 
th» aoll; lie may clean the air enough to breathe, and 
fMHfv mi Iciwt some of the water. He may avert starvation by 

C Mhii lip beefsteaks in favour of algae and converted petro- 
MHi, mid sacrificing such unnecessary luxuries as sugar and 
•b-Mbnl lie may have to do without the private car and 
(tie luxury of a full-length bath. He may have to live in 
ilHttHu ami tunnels in the Arctic, or on islands in the sea, 
pi* inn up the pleasures of owning a garden or the smell of 
|f**« nfter rain. 

Il by drugs or conditioning processes, people are led to 
»*** pt such a life without too much regret, what kind of a 
ini y will that be? Science-fiction writers of the more 
fcHiitut sort, from George Orwell onward, have warned us of 
<t nightmare world in which man continues to exist, but 
•i* «|" lately, frustrated and unfulfilled. 

Ib»w much satisfaction would there be in a world where 
*11 the rivers, though not actually useless, were too foul to 
•mini In; a world where no one could pick an apple from the 
tf«<s without risking poisoning; a world without privacy or 
•pi Id, without green fields or blue skies ... a world in which 
people lived like battery hens? It is this kind of solution 
which seems to me most probable. 

What kind of solution will this be? A world in which 
everyone has to work many hours a week to re-establish an 
approximation to the conditions which, at a more reasonable 
level of population, nature would provide free of charge 
would make a mockery of technology. This would be a 
technological treadmill, on which man has to pedal furiously 
Just to remain in the same place. And even this solution only 
continues to be possible if population growth is eventually 
brought under control and the level stabilized. 

What, then, should we be doing? The first step, incredibly 
enough, is still to gain more visibility for the problem. Al¬ 
though pollution, in the narrow sense, is at last becoming a 
public issue, with the polluters fighting every inch of the way, 
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there is still little or no recognition of the wider issue 
6n !5 0nmelltal “tegrity. and the risks attached to wrecking 
it. That is what this book is about. That, and what we shonl.l 
do about it. 

Time is the enemy. The question is not ‘how can w#l 
cope? but ‘can we cope in the time available to us?’ Or is i| 
even too late already? 


| fh« Plunotary Engineers 


A mum has begun to creep into the jargon: global 

or, as some prefer it, planetary engineering. It 
ih* iciali/.ation that man can now carry out engineer- 
fetp which, together and sometimes even singly, can 

Hie* Pv»MVl>ody on earth. At present, most of them do so by 
of the fact that—intentionally or otherwise—they 
§ftt" i Hip climate or some aspect of the climate. But others 
§hm iltd mist of the earth, causing earthquakes in the pro- 
rhnm arc in hand to reverse the flow of rivers, create 
totfon) *<* 08 , change the course of ocean currents, melt the 
polat u c caps, join and separate continents, create and elimi- 
h«i** inlands, regulate the weather, change the composition of 
Hit# atmosphere and raise the temperature of the earth. All 
plans, if executed, will of course have drastic ecological 
.♦♦«»«* qucnces besides. 

I 'Hi ther in the future, so vaulting has man’s ambition be- 
* * *ni©, lie projects for altering the atmosphere of Mars and 
Ht. climate of Venus to make them habitable, the capture 
ami towing back to earth of asteroids or their use to con- 
tin nt a new planet, and the complete taking apart and 
tphuilding of Jupiter, this last a brain-child of Professor 
l i roman Dyson of Cornell. 

In March 1968, so large did these prospects loom that a 
nymposium was organized under the joint auspices of the US 
I Apartment of the Interior and the National Research Coun¬ 
cil, the chair being taken by the Deputy-Assistant Secretary 
for Scientific Programs of the Department of the Interior, 
Mr S. Fred Singer. ‘We are moving into the age of planetary 
engineering,’ he said in his opening address, ‘and now is the 
time to discuss proposals for modifications and their conse- 
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quences before the need for such modifications becoiw 
urgent Stewart L. Udall, Secretary of the Interior at i!m 
time, dehvenng the keynote address, warned listeners il,„| 
vanous engineering modifications of the earth’s surface n„,i„ 
nave undesirable ecological consequences. 

Mwf a 1<X)k at 501110 of the P r °i e cts in question 

Many of them concern the hydrology of the planet— that 

the cycle through which water passes. Evaporated from Hi* 
sea some of it falls on the land and is absorbed, white 
another part runs back to the sea by way of rivers. Son,, 
accumulates in underground strata, or aquifers. Some yc u 
into plants or animals and is transpired. Man now interface 
with every one of these stages. 

T he limitation of run-off by building dams is old stuff 

e rec arging of aquifers has become a commonplace more 
recently. Attempts to increase precipitation (rainfall or 
snow) are stiff somewhat experimental. Recently, in Swiss, 
ustnan, Italian and Scottish resorts, snow generation has 
been employed, using sprinklers in conjunction with freezers 
while in the western United States and in Hawaii sprays 
running on wheels are moved electrically across the crops so 
as to simulate an actual rain-storm. In Chile, Dr C. Maran- 
gunic has successfully turned snow to water, by using four 
aircraft to dust a mixture of lamp-black on the Coton glacier 
m the Andes. The operation released two million gallons of 
water daily, and the cost was recovered after the flow had 
continued for 81 days. 


But hydrologists dream of much more ambitious efforts 
than these. Thus Drs R. J. Chorley and R. J. More believe it 
should be possible to put more water into the atmosphere for 
the rainmakers to work on by increasing the rate of evapora¬ 
tion. This might be done ‘by chemical methods, heating the 
surface water, increasing wind speeds, etc.’. The reason it has 
not been tried, they say, is lack of data on ocean tempera¬ 
tures and how they are linked with rates of evaporation, ‘but 
satellite sensing may remedy this deficiency in the near 
future and make experimental work possible.’ 

In other parts of the world, you might prefer to reduce 
evaporation, and this could conceivably be achieved ‘by put¬ 
ting huge quantities of dust or metallic needles into stationary 
orbit’. This would reduce the temperature of the sea beneath 
and so reduce evaporation. 
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! § Mill, you might alter the course of storms, 

n mi bilious projects make it likely that hurricanes 
♦M|*j-jrun’ll or damped down by the seeding of the 
ill In llie cumulus eye-wall, widening the ring of 
•iMnii tuul updraught.’ This would decrease the rota- 
if# of the hurricane and hence lower wind speed. In 
M. I lie now ahead of the storm might be spread with 
ifeihil'i in order to stop surface evaporation and so cut 
Inti i ii line’s energy supply. When it is remembered 
i l m i cent of the rainfall in Texas in August, and of 
Hn am I Connecticut in September, are derived from 
iii’ii, while the Atlantic City-New Jersey area gets as 
«« 40 per cent of its September rainfall from this 
tltr economic significance becomes obvious. But these 
Pflttt* admit that ‘even such apparently beneficial attempts 
■Hi ffpre.cn t potentially dangerous tampering with the natu- 
itt fluhil moisture economy.* 

M an*. Hint attempt to damp down a hurricane was made 
P Atigti.t 1969, when Hurricane Debbie was seeded with 
m! m Iodide crystals: five hours later, the wind-force had 
rftmioldu d by 31 per cent. Next day, with no seeding, they 
intuit.died, and a second seeding was made. The wind again 
tt»Hp|ieil by 15 per cent. The director of Project stormfury, 
t*. N, ('ceil Gentry, after four months’ analysis of the data, 
t*|NHt('d: ‘The data suggests we did modify the hurricane.* 
Novlct weathermen have substantially reduced hail damage 
t*v tiling shells containing silver iodide into hail-producing 
*ImihI.. Attempts to suppress lightning have already met with 
* degree of success. The clearing of fog from airports is 
Ihm mning routine and eventually it should be possible to clear 
hundreds of square miles in this way. Thomas F. Malone, 
Ml icctor of Research for Travelers Insurance Co., which has 
hii extensive environmental research programme, considers, 

I here is a high probability that the last third of the twentieth 
century will witness gradual perfection in the technology of 
meaningful, local weather control.’ But he thinks the chances 
iif being able to control hurricanes more dubious. 

The US government has a $13m. project, named sky- 
water, for regulating rainfall, and the Russians are reported 
to be in the same business on an even larger scale. Another 
approach, proposed by physicists, is to coat deserts with tar 
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their° absorption* 1 of'so^a^heat Which wouId in ‘ 

HHgfpHszl 

dangers attendant upon such lari ST 7 ' unk ‘"'«® 

delicately-balanced LIT. ■ k tampering will, ihfl 
such schemeS, I hy f° logical cyc,e must post,,.., 1 

ing the behaviour of thTelrth SS m ° dels S,nl " 1 " J 
developed, so that * 

•Qrite 

SedSTvTf’ Tlh gh SimUlation techniques, an all] 

SP^C P^cesLiliSSsTSS 

weatner attempted before the end of the century In ii,„l 

gSli, w «iS- de!cribe * r mber of <”*«• «■= - I 

next decade P ' *° me ’ &t leaSt ’ may be launched in lliol 
schemes S dam nS T°° S ^ are various fantastic I 
Sinc^ZfnfrT 8 ’ deSlgned 40 create inland sea,J 

fanrin? ?' 6 D ° W rather good at dam-building and (hoi 
financing problems are well understood, it is a foregone I 
conclusion that some of these plans wifi go ahead. & ' 

WATERWORKS 

al ‘ZZn frzr WaSt the m0Untain! ’ roared the gener- 
ai, when told that his army could not advance because of 

niiis° bStaC u° they did - ^ same for ceful spirit of 
planers. t0 ® i ” fccted ^ Russia “ a °d American 

, r ldl ® Russians have for some time been considering a num- 

SSdtXS: PlaM f ° r ilTigatin8 <**»* Asia a g nd mak- 
whioh hi r POWer at the Same time - In ds latest form 
Pmi •. rl een T aPPr ° Ved by the ^ence and Technolo CT 
Council of the USSR’s Ministry of Electric Power, a S 
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iff high and not less than 60 kilometres long, 

Wwf ImiiIi hi thr confluence of two great rivers, the Irtysh 
■9 I Mi, width How towards the Arctic. This dam will 
it.# w«t* 1 to hack up the Irtysh and its tributary, the 
Hj tontll, with a little aid from a canal 575 miles long, it 
■£m** ih. watershed and runs down towards the Aral 
I ft." will tine many metres, until in turn it opens up an 
HpM ft v«>i lied and feeds the Caspian. At the same time 
Hml 11* air an inland sea with a surface as large as Great 
W pei cent of the flooded area being at present 
BteMtH'li tnaishland. 

Tlnhuinnately this will take all the water from the lower 
l*t MMIm of t lie Ob, which carries ships of considerable size. 
§p •UHlht't dam on the Yenisei, one of the world’s largest 
Hptt, will create a vast reservoir 200 miles long, which 
pMI flNNl, via another canal, into the headwaters of the Ob. 
P fiMlhn deepwater canal will link this whole system to 
1 (talk id more than 500 miles to the east, thus creating a 
pt*p wnl 1* 1 shipping route 5,000 miles long from the Caspian 
l«t MalV id It will also provide 12,900 megawatts of electric 

One mason for the USSR’s rather fervent interest in this 
§mm|*m t In the fact that the Caspian Sea is vanishing—a piece 
mI unplanned global engineering of a spectacular order, since 
flw < nspian, at 150,000 square miles or so, is the largest lake 
In 1 hu world. In the past 20 years the water-level has fallen 6 
f*H, ns a result of the industrialization of the lower Volga 
Valley and the construction of numerous hydro-electric 
•« hemes. Hundreds of fishing villages, active in 1939, now 
lit* lens or even hundreds of miles from the lake shore. So- 
vii I hydrologists predict that the fall will continue: it will 
have dropped another 6 feet by 1980. 

I he scheme, which will take 20 years to execute, is expect¬ 
ed lo moderate the climate of western Siberia, permitting 
agriculture to spread north. But some Soviet scientists are 
apprehensive about this plan. They think the cooling of air 
musses above the lake may have an undesirable effect on the 
fertile steppes to the south. Others think the underlying strata 
may not be able to support the weight of millions of tons of 
additional water. The Ob reservoir may raise the whole water 
table, creating marshes even greater than those which are to 
l>c flooded. The diminished salinity of the Aral, and to some 
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extern the Caspian, may affect the fishing, while the I J 
which in winter locks the mouths of the Yenisei and the ( J 
may melt later in the early summer. Studies of these nmlJ 
terns are continuing. 

The originator of this super-project, in its present form. w| 
a Soviet engineer, M. M. Davidov, who has developed prol 
ects for diverting the Ob made more than half a century I 
ago, in Czanst times, by a Russian named Demchenko. 

Even this grandiose scheme pales in relation to the plan I 
prepared by America’s Hudson Institute, to dam ilJ 
Amazon, creating an inland sea one-third the size of Franco, I 
The Amazon is the world’s greatest river: it carries one-fifth I 
of aU the water carried by all the rivers of the world, and th« I 
silt it transports colours the water 200 miles out to sea. At 
least ten of its tributaries are each larger than the Mississip¬ 
pi. But its rate of fall is very slight, and the inland sea will 
oniy be 100 feet above sea level. There is a natural site for 
the dam near Obidos, about 1,000 miles from the coast I 
where the river flows between two lines of hills 40 milcil 
apart. TTie dam would thus be long, but not high. Dependin H I 
on the level to which the water is raised, the area floodcl I 

7™ non T 46 ’°°° t0 70 >°° 0 miles (120,000 to I 

180,000 sq. km.), according to the Hudson Institute. My I 
estimate is that it would be at least twice that. 

In addition to the main sea, it is proposed to create [ 
subsidiary lakes on the tributaries by means of inexpensive 
earth dams; some of these would be as much as 200 miles 
long and 10 miles wide. This is, of course, far larger than any 
artificial lake yet made and there could be from 25 to 40 of I 
them. The cost of the main dam is put at $800m. and of the I 
subsidiary dams at $250m. To equip the dam with electric 
generating equipment would cost between $5 billion and $6.5 I 
billion. Of course, the forest tribes of the Amazon are not ( 
consumers of electricity, so transmission lines to major cities 
nice Rio de Janeiro, Montevideo, Sao Paulo and Buenos 
Aires will be required. More practically, some of it could be 
used to extract aluminum from bauxite, a process which 
depends on cheap electricity. At present about a quarter of 
the worlds bauxite is extracted in Surinam and Guyana and 
shipped to areas where cheap current is available, such as 
Kitimat and Lake Volta. 

There are certain drawbacks to this scheme, to be sure. 
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^fi| §H|Hiltdlon of the Amazon basin is unknown, but a good 
would he somewhere between half a million and a 
|*ople, almost all living near the rivers, which 

C *|di* (he main lines of communication. If the scheme went 
•d, »i gn at part of these would have to leave their villages 
1 H.ildu, or hunting areas, and would starve to death in the 
|W*tMHMdiMg towns. If it were proposed to flood 100,000 
miles or so of Canada or the mid-West, no doubt 
iUHtP «*r 1 lie inhabitants would write to their Congressmen. 
fSMiHmiirly, the Amazon tribes have no Congressmen. Of 
importance than their misery, but still not negligible, is 
tU* 1 not that they provide one of the last largely unexplored 
IMd« of anthropological study, from which we might learn 
iM d farts about human behavior. 

I ha proponents of the plan concede that ‘significant dis- 
tupiimi of the ecological balance of the area’ is possible and 
Mod In a country so large ‘some surprises are probable’. 

I mMu rmore, they agree, the formation of this vast inland 
may aflect the climate, while the holding-back of the rich 
•ili« could affect the fishing off Florida. (It could affect it 
•vp 11 more off Brazil, but this they ignore.) What would 
huppon to the billions of forest trees, many of which would 
•Hi It out of the 100-foot-deep water or remain out of sight to 
wiock boats? The Hudson Institute hopes they could be 
tlit'dgcd out. Decaying, they would eutrophicate* the water. 
No fish could survive there until long after they vanish. But 
lliry do not expect these prospects to prevent construction of 
Min dam, on the grounds that they have never made any 
difference in the past. As a final underlining of their cynical 
luck of human feeling they add that it would be far too 
co«tly to make good maps of the area, which is largely 
unmapped, but these are not essential — i.e. if the flooding 
drowns a few tribes who were not evacuated because they 
were supposed to be on higher ground, or wipes out a few 
forest species, who cares? In a later chapter I shall describe 
In more detail the ecological consequences of this type of 
operation. 

Even more ambitious was the project advanced by H. 
Scrgal to form two inland seas in Africa: the Chad Sea and 
(he Congo Sea. Between them, they would have put nearly 


•A lake which is biologically too good, i.e. has too much nutrient in it, so 
that algae grow profusely and fish die, is said to be eutrophicated. 
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regards this af likelj^f” w, land mass und er water. No „J 

^ floods Jtbi: wS°',« U h ": .I 

question. The classic o„„„ J ° are by no mea ns out <>r hJ 
into the Qattara depression* The ^ Meditcrr;i »‘’JI 

lake itself will be P salt L^ ^ bemg that > th ou }! h J 

nearby and render Ss of moisture wil, J 

rather more detailed * desert ferti,e - Recently 1 

Torki to reclat te al?^ STl by ^1 

there was a lake here, known as thJ *“ ..I 

remains of an inland sea wlTh * , ° f Pa,,as - 

miles in the Quaternary nerinH n vered some L500 squani I 
Melas wrote about it it was Y ^ 43, wben p °mpotmn I 
described the fishbon^I, ° m ° re than a memory. „J 

which JS'Tte‘Si >»»« d « Old r 

nver, thus proving that there har/^ the banks of 

he noted that the t^of eno" 6 ^ 3 ^ there 
showing that the land had once susta^T ‘T Were fouml * 
Professor Torki invest; Jr Stamed a nc h vegetation, 
uranium in the area in 1964 § ** possibi,ities of mining 
villa in a reg,on whTch Is ’ w” 6 “T" 3 "*** Ron- 
Well-preserved mosaics show mar ® h y and uncultivated, 
tore, and display a sL^ whlT °{ bunti "S and agricul 
pinessl’ 7 8311 Whlch reada ‘O Land of Hap- I 

rate of 30,(H)ol!Rainfall ^*?*!?* continues at the 
per cent since 1910— and temn declines—it is down 30 I 

area, Professor Torki mckomS ? h ? By fl00ding thc I 
would be stopped, 65 000 tons n f « >, van ce of the desert 
the area could become a tourist m ' ght be cau 8 ht > and 
complexes could be built the lalcp 06 ” ij PventuaI| y nuclear 
fresh water could be led hv n i C ° U d be desaIin ated, and 
of the sea would £ 62 Sllln m ‘° ?* Sahara ' 1116 a ^ 
Baltic of Africa. * ?"?: * WOU,d *«»» < b « 

oration might depress the water tlbfe^^ ^ 
content of the soil. table and raise the salt 

as 1902 Professor"^ W^Grecor^'^L 110 *' 0 " 8 ' As far back 
Proposed cutting a channel f r Z^ °c Me,bourne University, 

Eyre. Lake Eyre is a vaT den ns Gu,f t0 Lak « 

sea-level. Evaporation in this mmd “ S ' Australia > b e>ow 
increase the rainfall in surround^ ^ 
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| I < lltmlfleld, an Australian engineer, proposed the 
**f vm ions rivers flowing to the east and south, so as 
■pNfat* !lir> Interior, and change the climate, but the 
appointed to consider the plan was unconvinced. 
B|9Hly t*iofcNRor Gregory’s plan has been revived by Ian B. 
Ip, mii the basis of fuller understanding of the meteoro- 
fiat'l pmhlrms involved. He argues that the moisture-satu- 
HnI nil iiiaan which has passed the lake will deposit its load 
Ml wImmi It passes over higher ground and is thereby forced 
fi It is also an essential feature that the air should 

pi bn fully laden with moisture when it arrives. These con- 

C )*«tl<Mt« explain why some other areas, such as the Red 
1, fall to cause rainfall in surrounding deserts. 

Mm«# lignin, Australian experts are sceptical about the 
of Kiddle’s proposals, which would cost, he says, 

, a sum which he claims would be amortized by the 
mi* of Irrigation water. Here again, it is only uncertainty as 
In Mm* meteorological results which inhibits enthusiasm, 
t utt imIii too has a plan to raise the level of Southern Indian 
about 500 miles north of Winnipeg in Manitoba, 
M* * tin || n Hooded area one-quarter the size of Lake Ontario. 

♦ mm earthquake makers 

• b*» prospect now looms of man being able to cause earth- 
*P»nkrn at will, or, what is more probable, of doing so by 
mi intake. The kind of forces he can now release are quite 
IrtijM* enough to upset the frequently tenuous balance of 
(..!.<•* in the crustal rocks. For example, the 18,000-foot-high 
iIImiiy. mountains fall steeply away into the 1,000-foot-deep 
t an plan Sea, creating a situation which is out of balance. In 
vlrw of this it has been suggested that the disastrous earth¬ 
quakes which hit Iran and Turkey in 1957 and 1966 were 
• miied by the changes in the level of the Caspian to which I 
Iiavc already referred. 

Ihis is pretty much of a guess based on a knowledge of the 
urology, but there are similar cases where the connection is 
boyond doubt. A recent and serious example was a severe 
earthquake which occurred on 10 December 1967, which 
mused damage throughout India and killed some 200 people 
In the town of Koynanagar, 150 kilometres SE. of Bombay. 
This was caused, it is now agreed, by the filling of the 
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reservoir created by the Koyna Dam. The dam is 103 
high and can retain 2,780 million cubic metres of watei it 4 
1964 this dam had been filled with 2,000 million cubic mH> t| 
of water, weighing 2 billion tons. As the new lake filled iltJ 
first tremor occurred in 1962 when it was holding only N'(| 
million cubic metres. In 1965 there was a stronger shock 1*1 
1967 an earthquake expert read a paper at a Congress nJ 
Large Dams, saying that this series of shocks could be ut I 
tributed to crustal readjustments, but it was expected tM| 
they would gradually decrease over a period of some yen id 
and finally stop completely. This hope was vain. The DeccntJ 
ber quake had a magnitude of 6.4 on the Richter scale. (Tlitl 
Alaska earthquake was 8.6.) Before the Koyna Dam w.nl 
built the whole Bombay-Koyna—Poona area had been lirol 
from tremors. 

The story is much the same at the Kariba Dam in Rhode 
sia, the world’s largest artificial lake, containing 175,0001 
million cubic metres of water. Filling started in May 1960 
the first tremors were recorded in January and February 
1962 and were shown to originate in Kariba. In March there 
were thirty such shocks in five days. By September 1963 they 
reached a maximum with a quake rated at 5.7 followed three 
hours later by a 6.1 shock, and by others at 5.8, 5.5 and 6.0. 
This was the first time artificial tremors reaching a rating of 
6 had been created. The area was quite free of shocks before 
the dam was built. 

Fortunately Kariba is in a sparsely inhabited area. Some 
dams are not, and much smaller dams can cause significant 
tremors, especially when they are in areas which are already 
unstable. For instance the dam at Monteynard in the French 
Alps holds a modest 275 million cubic metres. A few days 
after it was filled, a series of tremors culminated in a force 5 
shock. There have been many others since. This area, in 
contrast with those I mentioned previously, was known to be 
somewhat unstable geologically. 

Similarly, the artificial lake of Kremasta in Greece, which 
holds 4,700 million tons of water, caused many earth-slides 
and fractures: 480 houses collapsed, 1,200 were seriously 
damaged, one person was killed and sixty injured. As soon as 
the lake was full a temblor of force 6.2 occurred, preceded 
by lesser shocks. 

The possibility that man might be disturbing the earth’s 
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f mi * rfj only dawned on scientists in 1945, when B. S. 
hi i * pointed out what was happening at Boulder Dam in 
Hu**!.* | hero had been no shocks in this area for 15 years 
K* Hi* dnm was built. Lake Mead, formed by the dam, 
ELh (m nil in 1935. The first shock came in September 
«{$* | hiring 1937 more than 100 shocks were felt. The lake 
Ej**w 400 feet deep and the weight of impounded water 
|| 611 Mi m tons. In some alarm, the authorities installed 
pHoMiM.tphs around the lake to find out if it could really be 
Wjk When the lake reached its full depth of 475 feet, 

Bpglnii the weight of water to 25 billion tons, the shocks 
a maximum, with further bursts in several subse- 
i|tti ni ynnis when the lake was particularly full. In all, 600 
StmtH* were registered in 10 years, the largest of magnitude 
i lha i use was overwhelming. Imagination boggles, then, at 
probable effect of the great inland seas which I have 
i}m, itfhod, such as the Amazon with its 170 billion tons of 

However, it seems that it does not take billions of tons of 
i to produce an earthquake. It can be done with much 
•miller amounts. This emerged when the US army sought to 
pH till of what it obscurely called ‘toxic wastes’ from its 
t4nMnlcnl and biological warfare establishment at Fort De- 
i>i. V I he nerve gases were stored in steel tanks, destined to 
I m dumped at sea, as later emerged. Other wastes, no doubt 
»<|tittlly lethal and unpleasant, were pumped into a well over 
I .' ,000 feet deep, specially drilled near their Rocky Mountain 
Ancnal outside Denver, Colorado. About 150 million gallons 
w» re pumped in at up to 200 gallons a minute, beginning in 
1 962. Following protests, the practice was suspended in Sep¬ 
tember 1963 until September 1964 and finally abandoned in 
September 1965. The reason for the protests was the occur- 
irnee of 710 earthquakes during the period, eighteen of them 
of force 3 or higher. In the 80 years preceding this, only 
l luce had been recorded in the area. 

Scientists were surprised that a mere 750,000 tons of water 
could produce so large an effect. A geologist at the Colorado 
School of Mines, David Evans, came up with an explanation. 
The liquid was being pumped into permeable fractured rocks. 
When the pressure in these layers built up to match that in 
the overlying layers, slip would occur. This theory leads on to 
(he thought that whenever two masses of rock are under 
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strain, slip could be induced either by pumping water In j 

knew exactly what you were doing, bring on the big 
£*** DeSpUe thiS ri8k ’ * Seems l£,y «h ,; 

XeiLZT tb :[;;z quake being mad ^« 

».f«'t>* ! ° , t S y we S«S r d “ p “*' .. 

ar,-*r- beins d,spo ' ed ° f *°y mT^, ,t“j 

000-50*000 smn n,net ,r n states ’ quite apart from thc 4< M 

disposal’Thev tn WellS USed by the oil ind ^try for brin. 
d.sposal. They oo may trigger some earthquakes. 

_jJ“ P ° f a " this comes the reckless staging of nuclei 
explosions underground. Scientists did not worry too n 
en the explosions were caused in stable salt strata 11 

AEC ,,a8 ' d “ -PtoiTteS 

rr rS,”l %'£££££*> ir„ % t 

Professor Gordon MacDonald of the University of Paiifr. 

r».Th d r b 'e“ ,he 

activities has changed condilLT in",he 7 '^riurfa^JajSs «? 
forces acting over geologic time. The energies re lelsed 

^^iaS 7:"!m’V:ZrZortt tZ^ 

e camel s back and releasing huge forces which have been 

tZTSzr 11 is like bringing down “ avaia - he * 

-Hr-; 
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itti# If 1* under a lateral pressure, then it may be 
hy simple friction, in which case an increase of 
may 9»v ifiK il to the point of sliding. Or there may be 
HNfc4h*u «*f nome kind or a mass of hard rock lying across 
I HmM like n huge nail or steel reinforcing bar. If man 
B| ittmiHhlng to weaken such a lock-point 5 this could 
fh* movement. Or again, pumping in liquid might act 
Bp»« bkf* a lubricant, which may be why the Denver wells 
*ut h mi unexpected effect. 

Ppihf»ftti(ire v when the strain is released by one quake, 
■M lip other strains, usually much greater ones in 
•v*o , min. This is why, in natural earthquakes, the initial 
Hpfc U seldom the worst. For instance, in the Chilean 
KlhifMiiliD of 1960, the initial shock of magnitude 7.5 was 
K|nw<hI nllcr 33 hours by one of 8.5 (i.e. ten times as 
■***!> 

I'MotHy, declares MacDonald, the large earthquakes signifi- 
idfoet the strain-field of the whole planet. For in- 
I lie Alaskan earthquake produced permanent strain in 
Hi Hawaii area, some 2,500 miles away. 

Whaf worries MacDonald is the fact that major earth- 
(magnitude 8.5 or more) seem to consist of a series 
m! smaller events (magnitude 6 to 7). Thus the Alaska 
fafflhipiake, nominally of 8.5, consisted, according to two 
ftolitglNts, Wyss and Brune, of a rapid succession of earth¬ 
quakes of magnitude 6.8. Now the man-made disturbances 
««* approaching this critical magnitude ‘and there is a not 
ImhImuI( leant probability that a man-made event could set off 
a i aiiiNlrophic earthquake.’ And today the increasing com¬ 
ply »Hy of society, as MacDonald points out, makes us more 
vulnerable. If San Francisco were again hit by a temblor like 
(hut of 1902, ten times as many people could be killed and 
• ha damage would be measurable in billions of dollars, rather 
ill an millions. 

An if this were not enough, he points out that quakes can 
lower the water-table, depriving man of far more water than 
urn ever collect in the reservoirs which he builds. 

lie therefore urges increasing the insignificant sums we at 
present spend trying to understand these processes, and care¬ 
ful study before anyone launches engineering works or atom¬ 
ic explosions of the kind described. But first of all it is 
essential to get people to recognize the existence of the 
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danger. To this I would add the plea that nn 

afffctotter “ engineerin 8 activities which t.'iS 

airect other nations or even the wholp niar.^* ■ 

aereempnt tt-»o a i planet, without 

agreement. The Amchitka explosion, for one was in M 

He.' experiment which so .lermeh the mdio-Jtro.o™ ' J 
the nuclear bulldozer 

loryTn BelkltefrTf the direCt ° r ° f the Livermore Labor j 
y erkeley, California, who first put forward the ide. .ill 

n.mg nttclettr expiosiecs hip . J. The wL i«,l 

and the Israeli-Arab war had closed the Suez Cn n«l n 1 

foS ted * hat the W ° rId ’ S Shippin « couId be saved its ,"n"l 
forced journeys round the Cape of Good Hope by digging , I 

o Aqaba STeMd-r PeninSU ' a ’ fl?G«. I 

or Aqaba to the Mediterranean. This could be easilv don. I 

by ustng nuclear explosives to blast a furrow through .ho 

Though the idea was politically impractical, the idea of I 
ng nuclear explosions as a super bulldozer capable of I 
moving masses of earth rapidly, took root. Always anxious (,, 

Co "Z ,USt,SCatIOa f ° r kS CXistence ’ 1116 ^mic Energ 

plow™ ineTf T ™ r general headin « ***3 

' t * RE ‘ ° ne of the applications dreamed up by this groin. I 
was to dig a harbour at Cape Thompson. The jourS EnZ I 

memafSnfo™^ ^ ** American Committee for Environ- I 
‘There nformatIon > tersely summarized the risks thus- I 
TTiere were no compelling economic reasons for the har- I 

activit^in ^ a,ready ^re radio- 

caribou eat Teh ■ J 3 " °‘ her pe ° P ’ e ' Eskimos eat caribou; I 
tium-90 from fahout' ^-m-137 and stron- 

r JZ Eskl J Tlos and others protested so strongly against the 
radiation risks that the idea was dropped. 

neeTi 1 n e A for riC t an AEC PrefeFS the term ‘geographical engi- 
enaine 8 - f » J tS PLOWSHARE -type activities. ‘“Geographical 
the pen™ 8 !, des . cnbes the use of nuclear explosives to change 

division o? te°h “ S&yS in 3 booklet issued by fts 

between ocelns T mfo ™ation, ‘digging sea-level canals 
between oceans, stripping overburdens from deep mineral 
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HHM • lining highway and railway passes through moun- 
| funding harbours and lakes where none existed before, 
•IlfMing watersheds for better distribution of water 
Nor do proposals for peaceful uses of nuclear 
At op with large-scale earth-moving. Also envisioned 
HMmh iu ling underground reservoirs, increasing gas-well 
l«. ilvlty, and controlling subterranean water movement. 
Htually, the energy from nuclear explosives may even be 
I fin underground desalting of seawater, for producing 
m, «ml for creating basic industrial chemicals directly 
i mineral deposits.’ They also mention the kind of mining 
nlliMin 1 have already described and add, ‘The shattering 
I iind heat of nuclear explosions may one day enable 
ftpm iy of vast oil reserves from sand and shale formations 
me now uneconomical to exploit.’ 

Mm AEC does not give any indication of how much 
fetfli* activity all these various operations are likely to release, 
•ml pi nimbly does not know, but the assumption is that it 
tnntM be considerable. It concedes that this would be a 
fittgiu ‘if not properly controlled’ and also mentions possible 
fMfc* from ‘ground shock’, ‘base surge’ and ‘air blast’. It does 
HtH mention earthquakes. 

I he first nuclear explosion specifically for the plowshare 
funyuunme was Project gnome, which melted 2,400 tons of 

• * • • 1 , leaving a cavity of nearly a million cubic feet capacity 
uniterground. The intention was to explore the possibility of 
lifting the heat developed as a source of power. Water would 
he pumped into the scorching hot cavity and turned to steam 
which could, in principle, be made to drive dynamos or do 

• •flier work. Gnome was a mere 3.1 kiloton shot. It proved 
i niher a disappointment. Thirteen thousand tons of colder 
im ks ‘were blown or collapsed into the molten pool from the 
walls and ceiling. As a result the melted material was cooled 
ftinldenly and the heat distributed throughout a much larger 
mass. Thus it was not possible to recover any appreciable 
amount of the heat. Moreover, studies indicated that the 
ileum produced was very corrosive.’ It would not, the AEC 
concluded, be economic to use it. 

Seven months after Gnome, a much more ambitious proj¬ 
ect, sedan, in which 200 kilotons (equivalent) were explod¬ 
ed, took place. Says the AEC, ‘The effect of the sedan 
explosion was awesome.’ Though the charge was fired an 
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m i IC bd0W the Surface ’ excavated „ ,,d 
1,200 feet in diameter with a volume of s <; m;ir . 

Zt ^ ° efense Department helped °out with' tw" ^ 
in 1962, hardhat and danny boy Hardhat vi i i J 

X“ ity * at * - ** that^r:::;;:! 

Pro ’ ect Plowshare, Ralph Sanders lists „ J 

coasfof Af aS ’ SUCh “ blaSting new harbours on the wl 
thaTn, h , nca 0r 111 South America. These could be so ,,.J 
at much larger ships than any now in use would use il.Jj 
which might reduce the cost of ocean transnort , ll 

no^'A 1 '. 0 !' ide * C ” re »<• ° f ““*8 a ha'b. J 

northern Australia, near Cape Keraudren. This reeion I..I 

^ N » P-* 

rislf on a t, how many people would be ii 

nsk and how many people would have to be evacuated 

radio-acthdty t^the'e eXpl ° Si ° nS Wlthout release of some 

SFSSH 

'SB 

a physical chemist and a biologist res^ctively, together S 
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HMUm tfin Associate Professor of Biology, issued an 
{Hf h iwn yrnr ecological study of land and sea areas 
mill for evaluation to be carried out by an indepen- 
Moiinwhilc the Australian and American atomic 
i HtHH'iUhlons have said that they will study the possi- 
l ioOiii unclear excavation at other sites in the area. 

IHihu to abandon the rich iron deposits, the mining 
Mm have now come up with another plan: to extract 
M«»lr with nuclear explosives. This time the plan is to 
| Mom- to five 10-kiloton charges 800 feet down, which is 
4 Ml feel below the ore body, spaced at intervals. It is 
iln* would shatter some 45 million tons of ore. It 
(Imhi l»r necessary to wait for up to six months for the 
J| 4 M*tlVlty to subside somewhat. The hope is that much of 
FttfM have been trapped in a glassy mass of once-molten 
I In charges foreseen for this plan, known as the 
mm Mini plan, are certainly much smaller than for the 
h*hi, hut they are large enough and ecological surveys 
H|mM < ritainly be made and independently evaluated. 

In the US, Kennecott Copper has been investigating a 
fii'iiIni project with AEC co-operation, at Safford, Arizona, 
iferntl 150 miles north-east of Tucson. In this case, after the 
the metal would be leached out chemically, thus limit- 
N MpuKiire of personnel to radio-activity. 

Menu while, an even more grandiose idea had surfaced: to 
h ditch across the Isthmus of Panama, thus making a 
U vrl canal, which need have no costly and time- 
iming locks to raise ships to higher levels, such as there 
*»r on the existing Panama Canal. When this was opened in 
I MM, its 110-foot by 1,000-foot long locks seemed big 
fHOUilh. Today they are too small for the world’s 500 biggest 
•tilpH, many of which are mammoth oil tankers. 

In 1964, President Johnson established a Canal Study 
I nmmission to report on the need for such a canal and the 
nut of making it, and the best position. Though originally 
tltir to report in 1968, the date of the final report has been 
postponed until December 1970. 

Meanwhile, the AEC began making test explosions, with 
•nothing code names like sulky and palanquin. Since some 
thirty possible sites for the new canal have been suggested, it 
In impossible to be definite about the amount of nuclear 
explosive required, but for Route 17, the most popular candi- 
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frecent^nf m ® gatons would b ® needed, accord,,J 
Frfln ® calculation. (For purposes of comparison, tho J 

Francisco earthquake was equivalent to a 100 megaton d 

-- - the la . rgeSt cratering test so far conducted is 
100 kilotons, one thousand times smaller, the AEC can , J 

guess (extrapolate’ is the polite word) what the effects! 

^ se< iuenc e of blasts would be. According .. 

authority large explosions are less effective at earth nun I,I 
ha n s^au ** one 50-megaton and three 25 d, ; 

t0 ^ ^ t0gCther ’ With 

A team from ESSA (Environmental Science Services A,, 
ministration), sent to study the meteorological aspects. fouiJ 
a complex pattern of winds, and ESSA’s E. A Mm Ml 

wh r Eh e 1hr f u te d ded eaSt ' WeSt radio - active cloud soume f« 
S 5i A . pattem WOuId be widespread and unp,* 

CostaRit re p may " eCeive si Snifi Can t fall-out inclu.l. 

vTuL^a Tu^ n0rthem ^iombia, and north-w„( 
Y“ ™ e a - And he goes on to say: ‘The fact that Cent.,1 

d^fficni^ ’Y ^ Y CtlVe earthquake area further magnifies th. 
difficulty of predicting effects. There is a real possibility th.i 

Ireat dktT de , t0 * atl0n f would trigger large earthquakes „ 

the e£ t of e thJ a l!°u be difflCUlt ’ he says ’ to P red "' 

... . be waves which would be caused, while dm 

away 35 * mJght damage “habited areas hundreds of mile 

Professor LaMont Cole of Cornell University goes further 
He calculates that the cesium fall-out from dj explosions 

r dpr °d de 265 “S d0ses for everyone °n earth 
since the radio-active cesium would enter the food-chains an,I 

K might 3180 affect the hurricane pat- 
, rum the fishing and shift or destroy the Gulf Stream 
This may be too pessimistic, but it does call in question tho 
right of one nation to expose the rest of the world to such a 

DO pIac f to ex P lo re the engineering and other 
problems associated with this project, but something must be I 
Mill about the people who would have to be evacuated. 

re , “ ary evacuation plans anticipate that over 30 000 
people from areas near Routes 17 and 25 would have to be 
resettled elsewhere for a few years.’ Of course, if the radio¬ 
active cloud descended unexpectedly in some area supposed 



The Planetary Engineers 45 

\ Hmm** would have to be emergency evacuations as well. 
!§•* of Route 17, people affected would be the Cuna 
hi tin’ Caribbean end, the Choco Indians in the 
•iHiI southern areas and various Colombian immi- 
ft<td colonists from central and western Panama. Mar- 
t#tvn that construction of the canal on Route 17 
*11 but destroy the Cuna Indians and their culture’. 
Would hide in the jungle and be killed by the blast, but 
ilml did not could never return to their haunts, which 
b«* taken over for defence areas and supporting corn- 
ill!** 

kudly, there is the ecological risk. Since the tides on the 
*ddc run to much greater heights than the Atlantic 
■M it tong currents would flow through the channel, carry- 
|| tunny species from one ocean to the other, and perhaps 
Mttuntu the temperature of the Caribbean. Ira Rubinoff, 
ftp A Mi slant Director of the Marine Biology Department of 
t)t« Ninlthsonian Tropical Research Institute at Balboa, says 
Hint **nly one fish is known to have got through the existing 
l«tt‘d and to have bred. The fresh-water lake in the middle is 
»»** h *1 harrier, not the locks; similarly in the Suez Canal, 
tb* •ally Bitter Lakes constitute a barrier. He adds that when 
|wh species interbreed, the result can sometimes be extinction 
Hi both, if the ‘crosses’ which result are inferior to the parent 
Mum 

When the Welland Canal to the Great Lakes was opened, 
mcu lamprey got in. Nearly a hundred years later, a 
Untprcy population explosion occurred, decimating the white 
lull line! trout in the lakes. The fishing industry lost millions 
♦if dollars, and the US and Canada chipped in $16m. in an 
Hpi'iupt to solve the problem. Says Rubinoff: ‘Spectacular as 
•oino of these cases may have been, they are minor by 
t-mnjtftrison with what would be expected to result from the 
••oil'druction of a sea-level canal in Central America. The 
mutual invasions of Atlantic and Pacific organisms should be 
much more extensive, numerous and rapid, and their ultimate 
consequences should be quite incommensurable with any 
biological changes ever recorded before.’ 

Seeing that this is only the first of many such proposals, I 
join with him in urging the appointment of an independent 
Commission for Environmental Modification, with adequate 
hinds and power to review all alterations of the environment, 
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on a world-wide basis. Late in 1969 .... M 

Sr ?r !K - *• “-Ly S™? *v':: ,J 

S“T<Trf “ Research « ft, “ q “ M . J 

S^KST”*' 0 " “ 80 ““ "■» P roblei n--a ■ 
When a Panama canal was first proposed in the nin, ( , J 

SS 3^: : 1 

even abolish the ice-caps. P mmg oceans > he 

I 

melting the ice-cap I 

*rid h XTX“ p f a f M the °» ««•' 

oy or me whole northern hemisnheiv* ** 

meteorologist P. M. Borisov proposes to J? Mosc ° w 

reU,i» ely ““ ““ A 1 ?'»■ wiu caw 

calculates thaTS “! "" 

anJSXg^up to8°c e maW emPeratUre ^ h “ V * 

wii foUow! huge aerial of"® 6 ” ^ *"*"*“» which 

(permafrost) in N SSa and^n*' 7 - ^ groun '' 
capable of Russia wiU become 

-i'SrSf-r 

Ru„,rs“eSfS n ‘"S? 1 wh r r d iot ,he 

»an. To, theoretical computationV-5 
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tfftlliti in another.’ So let’s try it and see what hap- 


wi ilit* likely consequences which M. Borisov does not 
mm I* lhut (he N. Pacific and Bering Sea will become 
m-Mh One can imagine what might happen to the 
plantations of Malaya or the rice of Japan. Another is 
m •» it level will rise as a result of the melting ice. M. 
** thinks this will amount to only 4 inches, but other 
♦hum foresee a rise of many feet. The Arctic ice is 
dnanlly floating, although some 20 per cent of it lies 
[ If (inland and numerous islands. When floating ice melts 
»‘tw seventh of it goes to raise the level of the sea, 
land-borne ice is all pure addition to the oceans. In 
*t, (he Antarctic ice is mostly land-borne. The question 
fhriidorc, whether melting the northern ice cap would 
any effect on the southern ice-cap. Such data as we 
•digests that there is a certain symmetry in the global 
Mu ulntion: certainly when bomb-tests are carried out in 
« liMinlsphere, part of the fall-out comes down in the 
m It is therefore anyone’s guess whether the Antarctic ice 
•**dd melt. If it did, completely, it would raise the world sea 
|»tM 400 feet, making Moscow a seaport and drowning 
INtt* ft In dated land areas. Since even a 20-foot rise would put 
|«Mtdnn, New York and many other areas under water, the 
In not without importance. 

I lie alarming thing about this plan is that it is by no means 
|hi|m uctical. Though the Bering Straits are 74 kilometres (46 
Milieu) across, the depth is only 58 metres (190 feet). It is 
IhU natural underwater wall or sill which holds the cold 
*»lm in. We know, also, that only 5,000 years ago the Arctic 
1‘Nnln was ice-free all winter, which suggests that some com- 
ffirttively small adjustment of water-circulation has oc- 
* mi red. 

I his scheme, as a matter of fact, is only the latest in a 
•files of plans for warming the Arctic, mostly put forward by 
i iiNNiuns, for whom the drowning of London and New York 
in* doubt seems a small price to pay for making Siberia 
Inhabitable. In 1963, V.N. Stepenov proposed to chip bits out 
Mf the Wyville Thomson Ridge, SW of the Faeroes, with 
underwater nuclear explosions. This, he felt, would enable 
mid water to drain out from the North Sea to the Atlantic. 
Several people, for example another Russian, G. Veksler, 
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“f 59 ’ haVe Proposed dusting a black powder on the 
snow. This would cause it to absorb sunlight instead ,,i J 
u en ,? ‘° “ elt Prosumably, however, the J 

hTlu ^u dd up again ’ so **“* further dusting w...J 

be called for. Other proposals included dispersing the il.iJ 
cover over the Central Arctic basin by cloud-seeding , J 
niques and diverting Arctic water into the Kara Sea. Rccoml! 
chemists have produced substances which can be spread ,<v4 
* surfaces m layers only a single molecule thick, tern J 

R TbCSe PrCVent eva P orat ion: anoi J 

Russian M i. Budyko, was quick to suggest their applic.-ni,* 

wheTth t F °r tUnate,y ’ SUch layers seem to break J 

SS a®/?!! 1 COVered exceeds a few hundred sq.m,! 
So of they ,. Cann0t yet be em P Ioyed to reduce ev'„„. 
ration of irrigation water in desert regions. Obviously ih. 
stormy oceans would be even less suitable. 

But, as J O. Fletcher of the RAND Corporation ln.« 
pointed out, this is by no means the whole story. The octm 
ce-aiver makes a tremendous difference to the behaviou, 
t b af t l Spbere ’ Smce lt Prevents the ocean from supply!,,, 

averages^— 30°r Arctic > the tempera!, 

averages 30 C. just above the ice, but is only -2°C in II,. 

<*■ to, consequence, « e£ 

more striking: the ice layer reflects two-thirds of the incom 

^per'cemuifit* 16 °' 

cooh^H£°- th , a1, Wh “ too atmosphoi, 

cools more mtensely m wmter, warms more intensely |„ 

summer Smce the global circulation is driven by the differ 
ence in temperatures between the equator and the poles, th. 
whole process would be affected. F 

Fletcher’s interest in these calculations, it must be added 
was not to warn mankind against meddling, but to argn,' 
that, if once the polar ice were melted, it would probably 

it m.dd h a " ODly 2 0r 3 metres thick, and ,1 

it could be made to absorb all the solar energy available i, 

wouM probably melt. Fletcher’s own suggestion was to spray 
rosols into the stratosphere from aircraft. This would re 
uce the loss of heat by infra-red radiation, without apprecia¬ 
bly reducing the incoming solar radiation. 

Meanwhile, a professor of civil engineering at the Univcr- 
si y of California, T. Y. Lin, has calculated that it would bo 


The Planetary Engineers 40 

#t« build ii bridge across the Bering Strait at a cost of 
Ifiiftlt ly $1 billion. Professor Lin is a world authority 
i#»«*ml concrete and favours a bridge from the tip of 
.id peninsula across a chain of islands to Siberia. He 
II would take five years to design and another five 
tmild. He suggests sinking piers similar to those used 
•hum oil drilling platforms. Then prefabricated sec- 
i•» (dgo would be towed into position and lifted into 
lb* bridge would have to be strong enough to with- 
Ih* buttering of icebergs, so that unfreezing the Arctic 
I ft lighter and cheaper structure possible. 


I WAT tree! 

Wty Important way in which we shall, all too probably, 
||!#rjng the environment on a massive and ultimately 
♦Immi* scale is by the wholesale felling of forests. Man 
*»f course, already made vast inroads on the forests, 
i b currently occupy about 28 per cent of the land sur- 
f mostly with disastrous results. When rain falls on for- 
It dr ips gently into the soil, which is bound in place by 
pi finds of trees and bushes. It goes to join the underlying 
water, whence it will rise in springs in the dry season 
Kt *Aii be tapped by pumps and wells. But when rain falls on 
land, it washes the top soil away and carves great 

C i, while in the dry season the wind, unbroken by trees, 
the powdery surface away, often at the rate of several 
!♦»’<• a year. 

I« addition, forests serve as natural air conditioners: heat 
k collected by trees during the day and slowly released at 
Hipbi anyone who has retreated into a forest on a hot day 
tttuwtt how much cooler it is there. The evaporation of 
muUiurc from the leaves exerts a cooling effect, since latent 
bf nt of vaporization is taken up. 

lit* great floods of the Amo, such as that which bathed 
i i"fence in mud in 1967, have been experienced ever since 
ll»t» fourteenth century. When the woodlands round Florence 
wtue cut down and used as pasture for goats and sheep, these 
nibbled so close that the grass died and the ground turned 
lo Nlerile baked clay. Brooks and wells dried up. By the 
* ill III h century, the woollen mills of Florence had to import 
wool and hair from elsewhere. The earliest flood on record 
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5M- ., -a 

but was ignored SinS then’ ^ u r f fforestation 1-3 
ence everftweniv fonr VP ’ ! haS been a floo<l *1 

dred years No rp^fF / arS ’ and a ma j° r flo °d ever y 1..4 

tree-clad a fact of wbirh *V» r rnountalns were Ik .iv 3 
there are mountabsTn A^ 6 ^' 6 Sti11 Visible trac <* ”1 

bees but which were clothed 'f CaD SUStain nofhin « 'l 
splendid trees yielding timher ’ ° t °K| SO V6ry long a ?° 
buildings — roofs made fmm h u f ° r r ° ofing thc >«'*I 
There were also many loftv h, . s * lmb ? r are st iH in existed 

try boasted boundless pasture for cattle Th*’ While , ^ “"'l 

rainfall was not lost as if is a t * ’ T b annUaI SU PP>V <1 
flow over the denuded surface into thf’ by if'" 8 allowc ‘ l 4 

by ,b. co™,» a „ ir^SSe toS a ; but h w,s re H 

she stored it in her imn^ mt ° ^ er kosom, wlir»g 

discharge the Z 0 fifZTZT “ d S ° Was ab >* '* 
form of springs and riv^s nf 1Dt ° the b ° ,lows in 

tribution. The shrines which flow and wide I 

springs bear witness to the validittTof ^ ° D ^ SUe ° f fo, '" w I 
Three thousand years a J S my PFeSent hypothc *”1 
Then the forests wer 2dto mT With «*** 

hence the vast floods of thP v i k agricultural land , 1 

summer droughts The eroded ° W | and ° ther rivers > and Hu 
made the lowlr piaS ’ ?**■* d0Wn as *«• 

increased the frequency nf fl ’ !r * ra ’ Sed the nver beds, 
reafforestation have failed jL floodl ? 8 - Ma " y schemes "f 

■bep, f today ■ 

forest belt all along the Great Wall. plant,n ^ » 

Scotland wTre cut to* served fue[ f Eur ? pe: the fores ts of 
faced with the threat of the A j f ? r lronworks - England, 
for timber. The karst lands f of fl bad l ° Send t0 Norway 

«'»»*. Tha «w “S t“ e teaM ™" 0 ” re * 

Naw Zealand „an ked dora 
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B| Amplir of thc United States is now only a memory. 
Hfe «h thin iid Eden has been ruined in the same manner, 
I lb* ( ape Verde islands to the Seychelles. Even in 
< «nwry the country was reduced to subsistence level 
Hp Mini' mistake. But the lesson is never learned. After 
Hfeoiul World War, the Americans urged the Japanese to 
mho foirntA to farmland. The Japanese had been through 
■ tttie I»«d ore: in the Meiji period the forests had been 
Hty ( i finning disastrous floods. As a result the Japanese 
nirlct forest protection laws and concentrated agricul- 
H In nfiinll plots, the yields of which far surpass those of 
Pfe^e, nt ill more the United States. However, in 1945 they 
||n fm red to fell, with the same result: floods and erosion, 
(fat? long, they re-enacted their forest protection code. 

Pure fitly, forests are being ruthlessly felled in many pla- 
m toi Instance, much of Brazil, especially in the north- 
**** ban been stripped in a generation. In 1900, the area 
hi the Hump was 40 to 50 per cent forest. Today the 
tpM* in below 5 per cent. Not surprisingly, there are severe 
flpulfi find $2, 000m. is being spent to contain them for 
litigation purposes. In the Congo, felling has had another 
w#ttt«M|ticnce: soil temperatures become so high in summer 
m »** kill soil bacteria and earthworms. 

llfitnin, thanks largely to far-sighted landowners, avoided 
|fc| consequences of felling by leaving copses, planting oma- 
ftMMtUl clumps and windbreaks, and above all by leaving 
at the margins of her small fields, hedges which 
i»*. Imlcd many a tree. Currently some farmers are grubbing 
M|i hedges, in a pathetic attempt to imitate the methods of 
America, and the British Ministry of Agriculture, never very 
•mart, is even encouraging this by giving grants for the 
I*iii pose. It is reckoned that hedges are going at 10,000 miles 
A year. Erosion, especially uphill from the hedge-line, will 
fid low. Meanwhile, heavy machinery is impacting the soil. In 
I!fly years the consequences of this short-sighted policy will 
!•# all too clear. 

Presumably the Ministry of Agriculture does not know 
that in Schleswig Holstein hedges have increased yields 20 
I *** r cent. In northern Europe generally, according to the 
*h airman of the European Working Party for Landscape 
Husbandry, hedges and shelter belts have reduced evapora¬ 
tion by an amount equal to one-third of the annual r ainfall. 
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Small wonder that East Anglian farmers who remove 
soon a sk for increased irrigation. In the case of shell,., 3 
he adds, the crop increase is 4.5 times the crop l„v, , «] 
the ground taken up by the belt and its side-effects. 

It has been shown in Germany that potato yields I 
per cent higher where shelter belts are planted, while J 
has obtained a similar result with oats. Even 
improved. There is irony in the fact that man fells 

te tZ tood " d “* b >’ >*"« *»"■• - *1 

beh^ l k , ind °i /° Ot , n0te to a11 this we note that fores,, J 
the g d< f roye J l h y defoliants in Vietnam. Fred Tsch„|. , l 
the US Agricultural Research Service, who has made a J 
on the spot, reports: ‘The defoliation program has . , „3 

ible but °c T/ 1 d ° n °‘ fed that the c ^ an S es are in. 3 
trrlvA T recovery may take a long time. The 

ation ofjj tree IS kdled With a Single treatment. Repajl 

estimated fOTeSt t0 its condi,.1 

es mated to require about 20 years.’ No doubt over the „ J 

Vietaam 6318 ' 866 defoIiants elsewhere than | 

°" th f horizon are stich vast concepts as the M J 
Canada Development Corridor. The bulk of the Can al, J 
population crowds near the southern border where ,, ! 
warmer and the growing season is longer In area Can , 3 

T try in the 

cent of the , d m ° n ^! 9 PCT C6nt 0f them Iive m 15 * 
cent of the land area. The entire North-West Terri I o LI 

uTTtoZI 3,000 people - 1116 p,an ’ put f ™ d by 

colder Jr f V^ ,neenng grOUp ’ is to devel °P much ol II,. 

f Slave^Lake J 

toJn d H J ghway COStin 8 $1 - 75 Wllion. Docks, harbours, ‘„, J 
evelopments, etc., would bring the total to $5 billion I 
The new ®wns might follow the model of the proposal 
Russian all-weather towns’ such as Yakutia, which are Ians I 

to 2 r 50 OoJpoJ'rJ' ° SSR SUpP ° rtS Cities o f *M- 1 

o 430,000 population m Siberia and has Arctic cities ,, 

be ce a : tTTo p r lat r * is thought canains 

resources v>l„ J ^ L short - ter m exploitation of limilc.l 

vice-core fwljr h Pr f fabnCated dwelli ^ coupled to a sc, 
ecore (water, heat, sewage, air-conditioning) are envis 
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fl frtHurflines known as the ‘disposable town’ con- 


§**«vn successful, no doubt the idea will be extend- 
tic also, and perhaps to Greenland and other 
legions The heat generated by such settlements 
gly tnrll the permafrost, if it does not alter the 
tu« I* i*i power sources will add their quota to the 
It, mnl solid pollutants will accumulate in the envi- 


m l the world uses these remote areas as lungs, 
pHMfy or dilute the pollution produced by the more 
^npulntcd areas, as far as they are able. What will be 
4l*m when the lungs themselves have become pol- 
Mmw much we need these ‘lungs* I shall describe in 


I Him up, wc are reconstructing the surface of the earth 
jfHh 1 which is rapidly becoming so overweening that we 
HpMtilttg the natural balances between living organisms 
I fcrtwi'cn all organisms and the physical environment. We 
Wily dangerously imperfect knowledge of these bal¬ 
ly hat we do know I shall try to convey in the chap- 
vM* ti follow. 

will Ntart with climate. For, while man dreams of 
the climate deliberately, he is already doing things 
h inrtv he altering it unintentionally, and perhaps to an 
(Ihh which could prove very disagreeable, not to say disas- 































• I n Aqo or Heat Death? 


*• * ii hw across the Atlantic in April 1969 I saw icebergs 
fe »«♦ m (ho eye could reach. In fact, ice coverage was more 
i * ** than for sixty years past. This was not just chance: 
tem.rihing peculiar is happening to the climate. Is it only the 
|**ii »Hlng up or is man responsible? 

With (ho advantage of hindsight, we can see that the world 
*t*M*a (0 began to grow markedly warmer from a point in 
Mhout a hundred years ago, a trend which became quite 

• • --loin about 1900. Dr C.E.P. Brooks, an expert on the 
#(*'•(<* 1 4 in relation to climate, reported in 1949: ‘Since the 
» feghtnlng of the twentieth century glaciers have been wasting 

• •* **v rapidly or even catastrophically.’ The Muir Glacier in 
m ..ku has retreated as much as 2 miles in 10 years. Fifteen 

• ago another team of glaciologists, P. D. Baird and R. 

• Mmrp, described the retreat of Alaskan glaciers as ‘alarm- 
(mh* ami noted that on the Pacific coasts of America as also 

• I'urope glacial melting ‘appears to be progressing violent¬ 
ly I ho year following, it was reported that the ice-islands 
*hkh drift in the circumpolar sea were melting away and 
«i».it (he polar sea seemed to be becoming open. Rising 
i* mperatures also caused the snowline to retreat on moun- 
irtlitM iill over the world. In Pern, for example, it has risen as 
much as 2,700 feet in 60 years. 

As a consequence of this the distribution of vegetation is 
■ilifting. The bare wastes of subpolar tundra in Canada and 
Muwiia are beginning to be dotted with trees. This has been 
nided in places as far apart as Alaska, Labrador and Siberia. 
In (lie Canadian prairies the agricultural cropline shifted 
'inc 50 to 100 miles northward, because the growing season 
in now some ten days longer than it was. Correspondingly, 
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cool-climate trees like birches and spruce have been clytnfl < 
over large areas of Eastern Canada and New I 

mouma- T 116 ; th3t the timberline bad nl °ved u, J 

mountam slopes by as much as 65 feet since 1930. 

manv e Euro^ bUti ° n ° f anima ' S haS likewise been J 

iT 9 y 50 U rrr eS m °y ,n8 nOTthwards into Scam.1 

in CrLn. T ? rep0rted tWCnt y- five *ew species ol i.J 
thCre When the area was studied 1 
1918. In the United States birds like the cardinal and J 

titmouse, the turkey vulture and the blue-winged wnii.J 

have mo Ved their ranges * ^ ^ ^ 

CanTda" Tuna S* tal % and * now found as far nodi, J 
fl, « U h are f0Und off the coa st of New Engl,, J 
ying fishes are often seen off the coast of New Jersey 

seafhuln T‘ ^ the Eski ™ SJ 

seals Bv 1946 77 *<**?**»& as the cod replaced J 

tons 'in ^91 9 /n’l C< ? t h f had reached a figure of l l.iHNl] 
i., 1913 onl y 5 tons of cod were shipped. 

e ^ry figures of the meteorologists confirm these tanoihUI 

zz S5.t ri;,:: 1 

since' ZZZrZ-’r' 11 ^ rose by “ ■»«* «s H I 

ss r,rr 

r p&MSXttjzzz te ~ : r; 

largely due (it is thought wl 1 7 mcreasin g rate, 

Between 1930 and 1948 it 7- ™ e tln ® the glaciers. 

* four time^the^avera^^rate^of* rise^nthe ^ 01 *! 8 * 6 1 tha ‘ ^ 

sure the rise in seadeveTS not^ 0 **““ n ° rmal ' To mca 

tinguish the land sinkine from fh^ eas y ; , bow can one dis- 

making possible a mom® & h ° Sea nsm g ? Satellites arc 
ng possible a more accurate type of survey which will 
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|| &*«♦# precision to such measurements. Still, for the 
■tat. it looks ns if here is a trend which, if it continued, 
m flic level of the oceans several feet in a century— 
PtatMM* mm which would drastically change many coast 
| ant I flu eaten major ports, such as London and Am- 
■bH, with Inundation. 

IPfcef 1 4 curious about this change is that it has not affected 
^tfi 9 fth«, while certain remote areas have actually experi- 
00 i nulling trend. These include the Hudson Bay region, 
miicI north-east Australia, the central part of South 
ilk « nnd also the most southern part, and the loneliest 
mi m! icntral Asia. This contrast suggests that the cause is 
I#u m imcd radiation from the sun, which one would ex- 
I In affect the whole planet equally. And since the cooling 
ate all remote from industrial development and thinly 

K RtlaMd H gives colour to the idea that man is doing things 
Mi * «lNc the temperature even in face of a general cooling 
lN*4fM|cy. 

A* foully, the answer to this question had been proposed 
fc* - Millish scientist, G. S. Callender, in 1938. Way back in 
flWM I hr British physicist John Tyndall had argued that world 
flfttpct uliires depended on the amount of carbon dioxide 
pi?«rnt In the atmosphere. Carbon dioxide has the property 
absorbing the longer wavelengths of heat radiation. So 
jk*M ul nNs, which is why we can have greenhouses. The heat 
HtiHN in the form of relatively short-wave radiation and is 
pttaubod by objects which emit it again at a longer wave- 
M* jj i h which can’t get out through the glass. So the green- 
ftetine warms up. The carbon dioxide in the atmosphere 
m*Mn a similar ‘greenhouse effect’ so that changes in the 
kvH would affect temperatures on earth. What Callender 
pH.poNcd was that the general warming which I have de- 
tailhrc! was due to the additional carbon dioxide added to the 
#!t by man. 

An so often happens, no one paid much attention to the 
•Mggcttion. That puny man could do anything which might 
hIIih I (he whole world at once was a notion which seemed 
loo improbable in 1938. Twenty years later Gilbert Plass of 
hihns Hopkins University revived this idea on the basis of 
more information. He had been studying the effect of water 
vapour, carbon dioxide and ozone on the infra-red (heat) 
filiation in the atmosphere. Up to this time there had not 
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been much in the way of measurements which would J 
to what extent the carbon dioxide level was rising N.,^1 
new investigation indicated that it had risen at least in J 
cent since 1900 and maybe as much as 14 per cent 1 
increase from 290 ppm to 330 p pm if not more. Tin, J 
startling and scientists began to debate whether then J 
rea y a greenhouse effect’. The great scientific effort kin.J 
as the International Geophysical Year was being organ!/,.il 
and world-™,. measurements of ,'„J 

dioxide levels were made part of the programme. Ov,-, u- 

SSL , yeMS - 1958HS3 ' ,hey -1 

lion tons a year, a figure which showed that the m„J 
early estimates for the period from 1900 were plausible ilj 
measurements also revealed, what no one had suspeeiJ 
puzzimg local variations in the levels, a fact which might J 

ment° ,ocal variations in temperature which I ,3 

mentioned. The problem was to establish where the car l 
diox.de was coming from. The fim source which come, 

fods haie e h bUn,m8 f- f ° SSil fUelS ’ Q ° tably 0021 and «“• nil 

fuels have been used mtensively for about a century an, I J 
baTion^onf IS f CaJ< f ate J we have P° u red an additional ir« 

and fumaLf f ^ “ to tbe air ~ f ^ coal II,« 

nd furnaces, from motor vehicles and ships, from ,•»» 

r : Dg / la f 7/ aircraft Recentl V the rate has been riJ.J 
more steeply. If we reach double the normal level ih! 
glaciers wiU begin to melt and the oceans to rise. 

Others, however, said carbon dioxide was coming from tl,« 
drying up of bogs and marshland. Edward S. Deevey I, 
calculated that bogs lock up about 366 billion tons of carl,,,,, ' 
oxide which would be released if they all vanished—a b„„i 

SdsT Z°T Whl ; h man bas COatributed * bumi,, 
tuels. So far the evidence favours this origin for ab<„„ 

sTsdftimuIm 6 C f bon dioxide - M *>, the procc,, 

o s S , “ 7, ODe ’ V he Warmer il g ets > the more th„ 
bogs dry out and the more the bogs dry out, the more carbon 

loxide is released and the warmer it gets. In the language „l 
cybernetics, there is a ‘positive feedback’. ^ 8 ~ 

fln ? C “ I y> e Y er y conversion of pasture to plough-land 
Me. 8 W °° dland ’ ste P s up the supply of carbon’ 

The difficulty in assessing levels of carbon dioxide is that 
quantities much larger than these are released into the atom 


Ice Age or Heat Death? 59 

| l*y flic weathering of rocks, which contain an esti- 
I 5 X 1() 17 tons—about a million times as much as 
KjRHuut no far released by man. At the same time, plants 
■tithnii dioxide out of the air, as one of the raw ma- 
■m (tifv need to manufacture plant-material. Presumably 
«liiM at about the same rate at which it is fed into 
sphere, since there is no evidence of any drastic 
It M|’ ui depletion over long periods of time. 

Mi tirtfiih fact is that we can do no more at present than 
■l Intelligent guesses about these vast processes: we do 
IpAV# I lie data to analyse them fully. Above all, we do not 
HpMIntid the transfers which we think take place between 
■PUM mid the air. The one thing which is beyond doubt is 
H Ih# carbon dioxide levels are rising, and doing so at an 
MtatinKly rapid rate. Plotted on graph paper, the curve 
that the average temperature of the earth would rise 
■ V’C. by 1990. That may not sound much, because we 
H| to the 40° swings which take place between summer 
and winter minima. But when we average these out, 
§t hud the annual average shifting only by a degree or two. 
A *bi»|> of 3° is enough to change the whole pattern of 
PHtulit)' The growing season for particular crops may be so 
ptt* M shortened as to make it impossible to grow them. 

Ihit warming which occurred between 1920 and 1950 in 
H# I IS amounted only to 3 Vi °C. If this meant that ports, such 
|| Splt/hergen, which used to be open only three months in 
the V«air were open seven, then by the end of the century they 
might be open the year round, and before much longer the 
Nttlie Arctic Ocean would be navigable. The Alaskan and 
ftlNiliin tundra would thaw out: trees would grow and cat¬ 
tle could be raised there. 

Mill no sooner had scientists perceived this extraordinary 
PiWlbility than the situation changed. 



tool, IT, MAN 

In the mid-1950’s it began to dawn on people that tempera- 
Imh’n, instead of continuing to rise, were beginning to fall. By 
1958 Arctic pack-ice had begun to increase significantly, 
i older winters were accompanied by colder and wetter 
Hummers. According to H. H. Lamb of the British Meteoro¬ 
logical Office, perhaps the world’s leading authority on long- 
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5*r "-Xrs m 

ground tw.ee as frequently in most inland districts. 

Clik told the ? ent ° f ^ limate 38 h affects agricult,.rr, t 
^iarK, told the story m these words: 

Si 1 “'Z'Sr’wtoJT'” J 

than the figures avaifable for t ® mperatl | res ab out 1", i„* 

the end of the sixteenth JnJ ,1 e u qmvalent Period of yom" 
century. However in the l t j ^ mnm 8 of the sevrnl* 

temperature has already falTen^ r C 'Mow tW TF* ’ "1m 
marking the 1920’s and 1930° sL i Z, * ^ 4 

to 1939 a fact whirh ^ ter m the whole periml ill 

I 

over — as it did eif>ht e Thames did not 1 1 « 

because of £ , ° SeveDteenth century- „ J 

1963, ice-floes drifted to the state ofDoverand 00 ^ 8 m'"" 1 
was tapped in the River Welland for several^teks^y icc.’""" 

than y h Sl 9, ^ “. the North ^Oantic was more extcn.lj 

ttaee times, untd it stood at half the former value Cr«„" 

SbSty foatT Iy rf’ aDd ^ ^ to taIk o( i 

«if *ir?n^ SUmmer temperature drops one ,l« 

8 a \u P y W faU 15 per cent - A conference of scienii u 
sn otheis was called to discuss this catastrophic change. 

parts Vr'thfT if -t^cf WES exce Pd°nally severe in many I 
parts of the Umted States, and England had its coldd 

S.T’ZTZJT Ru ”‘“ rotoJ 

: f ,Kra of 1»‘“ “ -ovrnen, b,d 
reverted to a type which had prevailed in the opening ycaiH 

e century, A further consequence of all this was in 
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I 


fthddl In central continental regions — happily for 
He v»m y high rice yields resulted, in contrast with 
id pieccding years. 

(AftiHifnlogists believe that climate moves in compli- 
|te*, of many different lengths, and were ready to see 
M.d id trend as just one more instance of an age-old 
In m moment, I shall discuss this view a little more 
||M »vrn cyclic swings must have some explanation, 
||f w» ie meteorologists who were more inclined to 
I|mm lllc explanations than to write climatic changes 
[fN* b» general processes we do not understand. One of 
I’lolcssor Reid Bryson, head of the meteorological 
UtMd at the University of Wisconsin. He had been 
111 « ated trips to India, in connection with a study of 
Nalputana desert. This once-fertile area of 250,000 
mlh i had become a desert as a result of human 
mgi merit, and it was hoped he could suggest means to 
H 

imm Into India, he was struck by the uniform bluish haze 
let nial to hang over the entire continent, running up 
Util ,’0,000 feet above the earth’s surface. Visibility was 
t miles and when he flew on down to Saigon visibility 
d ntcndily to a mile and a half. Clearly it was not 
ll»y which produced it. It seemed to be due in part to 
HMttdhmd burning, in part to desert dust swept up from 
where the earth was bare of plants. It was immediately 
tftdMit that such a haze must cut off a good part of the sun’s 
Itt* i»Meeting them back into space. In so doing, it must 
(MIh the earth below cooler. Aerial photographs revealed 
pmltH blue hazes over Brazil and Central Africa. The blue 
||t* U no constant a feature that meteorologists take it for 
Mntid, and visibility in such areas is often no more than 3 
I he haze generally lies between 3,000 and 9,000 feet 
||hv* the ground, and contains 600-800 grams of material 
Mpinre mile. 

Intrigued by this, he began to look elsewhere. Another 
ttleutlvc source of atmospheric turbidity — to use the techni- 
.•d term — was the burning of wastes and natural gas at 
•Ml widln. An extensive dark-brown pall spreads eastward 
Immii the Persian Gulf and other centres of oil production, 
IMlebly in parts of China. The atmosphere is capable of 
Miiying large quantities of fine particles for much longer 
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us^UviZf^ re ? iZed - BuSy ^ our eart,1 'v »«*■ 

droo to i ab ° Ve OUr heads > v* 1 ™ " »-.-3 

;™Pj ts partlcuIa r contents on our heads. In 196H „ ,!1 
settled on many parts of Britain. It proved 
^sported from the Sahara: the quantity was 
&i ' h f g W ° rld War n, dust descend. . 

whereof Jhh ‘° haVe 001116 from North 

desert. Up b y 1116 tank battle 

Could it be, Bryson wondered, that man was nmi„ . 4 
quantities of dust and grit into the atmosphere as <> J 
temperature of the whole earth? * 

snherp place * yet measure the turbidity of tlm I 

One wh b f/ 10Se that d ° Sh ° w ra P id nses since ll„ I9l 
One which does is Washington, where levels were S / 1 

up on 1900 by 1964. Another is the Swiss msort L l J 
much visited by people with lung diseases: 80 per cent ... J 

cent- thfc yealS . later * e dust levels had climbcl wn 

s 

Sun m n layerS ° f fr ° Zet * Snow “ tb e mountains , 

back JlV^T The “ et ? OrO ! 0gists can f °l>°w the trend 

centurv but I Y * ° W mCTeaSe duri ng the nine,.^ 
2 ?■ a riaggenng nse after the Communists b, T J 

S“i n f SSla - 1930 > l6V6b * rose an incislj 

whtI: St inl tb °t Wb °i eXa “ iDe dust levels do so in H 

nere industry is produemg preceptible pollution TH.-I. d 
pom also coaSm .rend. mus ChicagoTad 

19« ^ bef ° re 1930 b “ fie "“ h “ I to MO . 

"* <“"•* “ torhidity k„ . .. 

comrae, “ s: ■»« * 3 ! 

hen “ !u 5 d WlU be rev ersed, and there is some rens.. 

hi tTe 6 f!l”T ad \ P ° 1IUtl ' 0n WiU have 811 Creased 
DS that a decrea3e of only 3—1 
cent in the transparency of the atmosphere would dc,., « 
surface temperatures by 0.4 °C. 

Bryson’s work inspired one of the Space Agency’s Brin* 
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flm I nvclock, to make some further calcula¬ 
te nhow how far the warming due to the 
.... mu! the cooling due to the turbidity would 
I hr warming is proportional to the mass of the 
♦h* he believes, but the cooling is proportional to 
mI dm mass of the particles, and so rapidly exerts 
mum ltd effect. His predicted curve of temperature 
| mom i llation of the warming effect by 1963, a 
■ |IV ( by 1970, of 4° by 1975, of 5° by 1977 and 
Tfclfh suggests the start of an ice age well before 
w |j| in'ii Ice Age is variously estimated to have been 
[| temperature between 5° and 8° below the present 

temperatures recorded to date fall almost half a 
than his curve predicts, even though he uses the 
[pi •iimmcr temperatures, not of year-round tempera- 

points out that there are various positive feed- 
M« h tend to intensify the situation. I have already 
1*1 one: the drying up of bogs. As the climate be- 
i »hI» h i and wetter again, bogs will spread again, lock- 
» Hihon dioxide as they do so. Another arises from the 
llftl he and snow reflect more of the incoming solar 
Hum do land or sea. So, as it gets colder, and the ice- 
Mpiuttl, less heat is retained. 

iduimorc, resulting changes in weather patterns may 

r "”| tin! effect particularly severe in some areas—notably 
||«H|H!ti!tc zones in which most of the western world’s 
lives. In the northern oceans, there is rather a 
By dlvluion between the cold water which spreads south- 
fij ftnin the melting ice-cap and the warm water flowing 
)^t«tm,»fd from the equator. Where they meet, the cold 
Jltct bring denser, sinks and flows beneath the hotter 
fafet In I he southern hemisphere, of course, a mirror image 
HttiUi nil nation is found. 

It it nu established fact that, when the climate is cooler, 
{ft* (unction moves southward, in the case of the northern 
tfHiUphcrc. (The reason for this lies in the balance which 
Mkt* between the effect of salinity in making water denser 
lid •<» liable to sink beneath less saline water, and the effect 
if higher temperature making it less dense.) It seems that 
|lH« hot cold junction in the oceans has now moved down as 
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far as Iceland. A few more degrees’ decline in (I.. .J 
temperature might bring it down to the latitude of iihJ 
Obviously any country which lies north of the junction »i||] 
markedly colder than one lying just south of it, even wi 
the distance between them is quite small. 

CLOUDY PROSPECTS 

Dust particles do not only reflect incoming radiation, (J 
also affect the weather because they provide nuclei on »litf 
water can condense, forming clouds. The effect of tinl.i.lf 
on the earth’s temperature is therefore more compli. 
than I have so far indicated. 

The focus of interest lies over the oceans, where > J 
‘condensation nuclei’ are normally few compared will, uj 
areas. 

Clouds of course, reflect a lot of the heat radiated by J 
earth back again, as we notice on oppressive days when i h*J 
is a heavy overcast. But at the same time, they screen oil im 
incoming solar radiation. So the effects of dust will v«| 
according to whether conditions favour cloud fomiailiiJ 
Two US weathermen, Manabe and Wetherald, worked o.n J 
1967 that a 1 per cent change in low cloud cover round ilJ 
world could bring about a decrease in temperature of 0.8"(' 1 
that is, four times the drop in temperature over the pasl ;|! 
years. In case the significance of that little calculation is im 
fully apparent, let us project it further. At the present timJ 
on the average, about 31 per cent of the earth’s surface !« 
covered with low cloud. Suppose that the cloud cover rose <« 
36 per cent not a very startling shift at first sight- l|« 
average surface temperatures would drop 4°C. So, unless you 
are exceptionally keen on skiing, you want to think twii. 
about contributing any condensation nuclei to the alum 
sphere. 

The effect of dusty atmospheres can be seen on a snmll 
scale by studying how city climate differs from that of ihs 
country. 

Following earlier British studies which had shown that 
industrial cities had more cloudy and rainy days than tlir 
open country upwind of them, Stanley A. Changnon Jr. of 
the Illinois State water survey made a detailed study of four 
mid-West cities, together with New York and Washington m 
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Pi H* 3 found that precipitation and rainy days were in- 
pM up to 16 per cent, and summer thunderstorm days up 
|ll j*’i cent compared with the surrounding countryside. 
I • l*oi to, 30 miles downwind from the Gary-Chicago 
ptfM with its huge steel-making plants and other industri- 
ptttftllttllons, the increases ranged up to a staggering 246 
pol Another consequence of the dust-laden air of cities 
HjP*i* frequent fog. A vivid illustration of the fog-making 
HjP of these nuclei is provided at Morgantown airport, in 
Virginia, which is frequently closed because of the fog 

S pfAh'd by a near-by cooling tower. Again, in Edmonton, 
Pft«, you may see a fog-belt generated by the burning off 
ptftirnl gas from a well. 

r I lysirtli of ammonium sulphate are often found in summer 
■p*. which suggests that sulphur is an important contributor 
P turbidity. Combustion of coal and oil produces sulphur 
jjmqNtunds, but world use of sulphur has rocketed, thanks 
flMlv to its incorporation in fertilizer as ammonium sul- 
■iaM this may help to explain why summer haze occurs in 
ft* country, even when the wind is not blowing from indus- 
M«l wrens. 

K#UI Bryson considers that an even more important cli- 
pAllc effect of rising turbidity than the change in world tem¬ 
pi Aturcs is the change in the temperature gradient which 
mm* from the equator to the poles, and on which the wind 
►In ulntion depends. Turbidity tends to reduce this gradient, 
Bum weakening the westerly winds. Hubert Lamb has shown 
fl«Mt during the 1960’s the westerlies did in fact weaken. 

Ono of the most important causes of turbidity is the 
Mfmust of cars and aircraft, especially the latter since they 
place I he particles high in the atmosphere. Bryson has made 
n Mood-chilling calculation about this. He takes 3,000 as the 
number of jet aircraft in the air on an average day, and 
am limes that 50 per cent of them are making contrails; and 
11 in l these persist for an average of two hours and spread to a 
wld111 of half a mile. This would give you a 5 to 10 per cent 
Increase in cirrus clouds in the area in which these aircraft 
nioMtly operate—the United States-North Atlantic-Europe 
rune. Or if the increase is averaged over the whole world, 
about one-twentieth of this. 

Such a calculation does not pretend to accuracy but it 
Indicates the scale of the phenomenon we are dealing with. 
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The prospect becomes even gloomier if we look nho,„! m 
supersonic transports. It is claimed that at the, 
operational height contrails win not be formed, hut ,1 I,' 
reason they do not operate at this height, the situation i,I 

ltS t S they ° perate near the ‘ropopausc, 1 I ...1 4 ■ 
level at which the air temperature, instead of fall...,. *, fl 

cenStf T"!’ t0 n f agaiD ’ they wm P roduce com,a,I, | ■ 
cent of the time At this height they may persist 1 . M 

le Zm ?Tt t0 a width of a mae or 1 1„, ,M 

areaSTon T 8 ^ d ° Ud COVer 0Ver the °P* . M 

area to 100 per cent. 1 

J'fssnf* the cioud cover ° ver the Ni '" h '"J 

nhJnnS 5ady 10 per cent above normal, thanks ,9 
phenomenon. Forecasts for the use of SSTs by the cml ..,9 

ZTr7Z OT T 3 ’,°° 0 ° f them ‘ S ° * is P ro bable ,h„. M 
Amtrt* IS TZ 6 At,antic ’ to 8 et ber with much „| NmI 

B^son dnT ° Pe ’ WiU be P ermanent| y under cl. I f 

exlrientt w C °T entS: W * W ° U,d Uke our grandchild, 

farasTam T* a T re often than <® rare occasion. I 
tar as I am concerned, that goes for my children too. 

BoSdtr Sltrl^T 6 3nd Atmos P heric Research .. J 

oonf? d ’ haS recentl y made observations « J 

formation of cirrus clouds over large areas, and th „ u.J 
cloud cover can modify the radiation budget. 

bi« r T^ ? ddS - tbat d 8 ^ ad to be proved wrong In.i w 
lus calculation is anywhere near correct, the problem’ . . 

ors Tut ct , to :r ve to haif a dozen p-**- 

”er« ,L n " * ll,Ue ‘"S’ °“ ... can ,l„ 3 

ritt mu!t prepare ,or • . .- 

CLIMATIC FLIP 

When I visited Professor Bryson, I found him studying tl,. 
data published by a Danish-American team of research^, 
temperature changes during the past 100,000 years |'| 
layers of ice that form on the polar ice-caps con Jn aTc.' m 

form? emperatUres ’ since tbe relative abundance of the hv„ 
forms of oxygen-oxygen 16 and oxygen 18-trapL „ 

S™r,f ,e r r,, T ° f £ "*■» *'■ 

rormed it. This team from the University of Copenhagen 
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[pi l miiiiy base in Greenland, and, with American 
ilt tiled down into the ice-cap and extracted a 
I'Dm 1 ihii© was no less than 139 metres (440 feet) 
■ | 4 mI im bodied ice-samples laid down as long as 

nptil ago. 

| flu* lamporntures are plotted against time, many 
B| it<« mum to have taken place, with others more 
Mu© of tho cyclic changes repeats every 13,000 years 
jMity due to the precession of the equinox—the 
^IIUMon In the earth’s axis. Others of 120 and 940 
P t** uliown to be due to changes in solar radiation, 
III »*n lie detected by other means. The point on 
■ pytHM fastened was that the earth’s atmosphere ap- 
[> ft*Uf in at least two relatively stable states and to 
rapidly between them. Having switched, it tends 
m it. i!h new mode rather than to drift back, until some 
jjltigtit i** a new flip. What could such a shock consist of? 
■I knows, but one can imagine a number of things which 
I fulfil i, from an outburst of volcanic activity to the 
■I nf a large meteorite. 

IpHti emphasized the extraordinary rapidity of these 
pt m indicated by the oxygen-isotope tracings. When 
l**f lm Age descended, at the end of the Pleistocene 
p HHintless mammoths were embalmed or frozen, all 
I'm ope, including England, and throughout Russia. 
Hpf «ms found, with skin and hair well preserved, standing 
P M*it fecit. Some have undigested grass in their stomachs 
■ ft* git tents between their teeth. When one such mammoth 
||| ImhihI in frozen soil early in this century, the fat was still 

t ‘|pHw and the meat was in such good preservation that some 
* .|m rimcntalists were able to cook and eat mammoth 
■pt It would therefore seem that these animals were 
PppMt Instantaneously. Almost the only explanation con- 
■tfthlt' seems a snowstorm so heavy as to bury them com- 
■thdy, with no subsequent thaw the following summer. This 
a climatic change of incredible abruptness. 

(f ip Inference from these facts is that the earth’s climate 
flip from one stable mode to another with undreamed-of 
Mi.ldnincNs, when once the trigger is pressed. We do not 
Ihmw what the trigger is, but we may be pressing it. It is 
•mid to know whether to take such a proposition seriously 
•*4*1 lentists themselves feel in a quandary, torn between the 
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“s,.»». .J, 

Some meteorologists n oT,S t ?°“T nl 
reduction in incoming j- ■ nmJc tilat not only 
balance of short-wa^e Sma " ch "''«L 

cause dramatic changes in the 8 WaVG . Solar ''"'"‘'wJ 
atmosphere, that is the COnvect,ve Pron 

they know too 1 ttk a£u 7 fo ? en4 ° f Wam air — * 
whether a given change pm XT *° ^ ab,< 

But they believe such changed are likeTtaT " 5 
temperate zones, and reckon that a 10 nl grC ‘"'" 
^he mcoming energy WO ul d lowe/e^^^ 

a kind of fly^heel Pr damphig S . that the oct, <»>' • 

heat at one time ank re,S Z* t * f " . 

claimed that they also do tbfs 4 4 a ”° ther - And *< hi* 

mechanisms as absorbing excess TTrbonTr* £f riod * > ' 
it later. There almost certain^, & d,ox,de aml 
but they may be quite sk>w L*™ SUch . mechanisn '» <>l 
Gilbert Plass says the ocean wouidT7“? t0 chan «' 1 '« 
absorb half the excess carbon ^ about **000 vn^| 

tao i. in ttre past c=“m . . 

to form, and the tem^m. ' Tbn carb onates woul,| i, 

again, for plants increase their rltTof Sl ° W - y . begin 
carbon dioxide level rises res P lratl ° n whou 

the natural downs^g^ftlr 8 ^ 4 ^, S66 .* he present coo ""l 
say, started early foThe nWt ™' n8 P eri ° d which. 
American scientist? whoToofS ^ Da " id > - 

that the present cooling trend should r6 ^ and cores I"' 'M| 
as recently as I960 manv r " . d ont,nue until 1991 1.4 

f"«»' trend S.S ? T !,yi " e .* 

least two or three hundred 7 a 7 77 d continue '<>r 2 

tendency would only last untd 1965 31 the C,,| J 

is no: SrlTwdllTrtid" ^ the ,3St «W 00 years „ J 

Niis-Anei <* .*»"*■* s 

Cn',, Dr Momer 
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Halil* Sni, and the nature of the sediments, 
k* gin* In n, in which the pollen and other plant 
*nvcd. 

, Mo win! 10,300 bc there seems to have been a 
t* followed by a warmer period. The Baltic was 
whh Ico and Scandinavia was covered with 
Mil 11 M) iic did the sea rise enough to enter the 
*o<H> to 2000 bc there was a period of higher 
• tti called hypsithermal , followed by a fall 
I ♦» minimum about 500 bc. The subsequent rise 
Minium about ad 1000 and stayed around there 
Mmlng this time, vines were grown and wine 
In thiglnnd as far north as York, while Norsemen 
• f tiumlund and raised crops, cattle and sheep there. 
, Imwcvcr, the climate began to cool and the 
Advance. In the Alps several valley settlements 
|*l«M*i|y overrun. The ‘Little Ice Age’ of 1650-1850 
II wan the failure of crops in Scotland and the 
M» !i iruulted which were a main factor in Scotland’s 
in union with England, though England did little to 
n#w citizens. 

♦i the 11 -year and the long-term cycles lie others. 
n»« of these shifts are quite unknown: the sun’s 
!• |nr turned to vary, but changes in the storage of 
In ilia oceans may also play a significant part. We do 
i know what caused the ice ages. Both reduced and 
• I mil nr radiation have been suggested as causes. In- 
4 udiation, it is thought, might suck up more water 
III# oceans which would come down as snow. This 
Imply that ice ages were wet rather than dry—but 
rtllon of lake-bottom sediments in Africa, now taking 
t •wins to suggest that ice ages were dry, since grass 
mn found rather than traces of tropical rain-forests. 
m*#» of these changes are certainly cyclic: the influence 

t lh* 11 -year sunspot cycle can clearly be detected, and 
Nl •wins also to be a 22-year cycle. Some meteorologists, 
AwtaMy Mr H. H. Lamb, believe that almost all of them are 
NMii- A majority, however, while conceding that some cy- 
mn At work, think that many of these changes are 
tAtutom in character, being caused by such events as volcanic 
*Mvliy. changes in the output of the sun, the impact of 
ol high-energy radiation from space, and so on. 
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They point out that high-altitude recordings of • *■!•*» 
tion do not show variations of some 10 per ccnl i*» 
recent climatic changes, while the carbon-cycle < ‘i ^i 
of the burning process in the sun should, on the hut »»| 
perfectly steady. 

On the other hand, some people have objected to (I* | 
theory on the grounds that no cold spell followed tU 
Krakatoa eruption of 1883. Actually, measuring 
were too few and scattered at that time to justify 
conclusion. When Krakatoa ejected its 13 cubic milt 
rock, dust and ash into the atmosphere it was thin ■* 
before the dust pall reached Europe, causing the iii*»^| 
look blue or purple and giving rise to the expression ..»*« 
a blue moon’. Areas under the dust pall would be ««< 
while others were normal, so the exact time and huntit^ 
temperature observations would make all the different e 
ilarly, when Katmai erupted in the Aleutians, in 191.’. u 
tion fell 20 per cent in Algeria. In fact, it may be 
differences which alter the global air circulation and so ** 
tually affect the weather. 

Today, too, we know more about how ice nuclei lot mi 
dust particles when the air is below freezing point, 
Vincent J. Schaefer has shown that volcanic ash will |>i< 
such nuclei effectively, thus causing cloudiness. In tin- **j| 
1950s Harold Wexler of the US Weather Bureau tlu-i.f* 
revived the volcanic theory. It has been objected that at 
known periods of cooling in the distant past, no 
volcanic dust are found by geologists, but Wexler »n*wi 
this by saying that the amounts would be scarcely deio i.n^l 
after falling. To the converse objection, that some km** 
periods of volcanic activity were not followed by cool inn * 41 
replies that the particles may not have been thrown l*<A| 
enough or were too large to remain suspended. 

Very recently, Dr J. Murray Mitchell of the US Went I* 
Bureau has pushed this argument even further, claiming iI»m| 
the world cooling in the 1960s which I have described n . 1*4 
entirely to the series of volcanic eruptions which start< d 
1947. 

The one thing all these observations show—and this is \d»* 

I have detailed some of them—is that climate is nothinj- liV« 
as stable as we tend to think. Climate teeters, and to push u 
off balance is probably no great trick. As Walter Orr Knit 
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„f inc Universities Corporation for Atmo- 
_Mi.lt, recently warned a Department of Defense 
'# .Ml. Hie balance of forces appears to exist which 
n.t....t by a triggering action set ofi by any ot 
jjjrfty.l. itl phenomena.’ 

f»l* A I It 

« (dentists are looking at the whole earth, with its 
, „ N ( and atmosphere, as a single system in which 
„| mnloriul are transferred from one part of the 

k. .other at varying rates, which somehow balance 

l. otK run. The interesting thing is that they balance 
ivtd which life can exist. 

*M not take very large shifts of any of the variables 
tiiu ah we know it impossible. For instance, if the 
i hr atmosphere were to fall, life would become 
PM* * icopt for a few specialized organisms such as the 
bacteria. But, equally, if it were to rise by only five 
.o ihn flrc-risk would be so increased that grass and 
*.,uld constantly catch on fire. The extraordinary way 
t4t inlliimmability increases as oxygen levels go up is 
■I Knitted, as was demonstrated when three astronauts 
b, lanuary 1967, and in earlier, less widely reported, 

1 furthermore, there would be other effects: if the 
MlI .hi burned extensively, this would raise the carbon 
1.1. . .mccntration but also add to atmospheric turbidity, 
H| the temperature, though whether up or down, who 

A. the physics of the whole earth has come into clearer 

f it. Biophysicists have begun to ask themselves the most 
i.t. mi.' niill question of all: what is the rate at which energy 
dt.l.i.1 to the entire system and the rate at which it is 
Midiiiwn? What are the dynamics of the heat-balance. 
M.ilv Ihcse rates must match if the earth is not to get 
pMdlly warmer or colder. But there is a lack of relia e 

I lm Input from the sun is hard to measure, since it is partly 
lHWdnd, partly absorbed by the atmosphere before it 
.... has instruments on the earth’s surface which could mea- 

|| Satellites are beginning to give us a more accurate 
. . xrrpi Viovf» instruments 










































72 The Doomsday Book 

on the moon shall we have an accurate account of <H|H 
output, which probably varies from time to tun. I 

course the earth moves closer to the sun ami 
every year. However, in round figures, the ciuipv « 

which is known as the solar constant, is about 2 t 
square centimetre per minute at the surface ol it... (fl 
sphere, when the earth is at its mean distance from il*l I 
About one-third of this energy is reflected; the pn'i'Hit« 4 
energy reflected from a surface is known as its 1 

term taken by nineteenth-century astronomers from ill. 
for whiteness. The earth’s albedo certainly varies s< 
snow and ice are the most efficient reflectors and 
in winter. But man is also altering the albedo in Ww 
term: concrete and asphalt have a different absorptive |>il] 
from grass, and forest land or desert are different ityitlH ■ 1 
we cut forests, or create dust-bowls, when we make nMlflflj 
lakes and reservoirs, as we build highways or const met 
ports, above all as we create towns and cities, we nlitt ■ 
albedo. 

In addition to this, man is adding heat to the enviionm^| 
every time he burns fuel, whether fossil or atomic. I. ^H 
and cities maintain the air several degrees above the 
the surrounding countryside. Nuclear power stations pi 
enormous amounts of waste heat—something like a h un.lt M 
times as much as a coal-fired station of similar cup... M 
(Hence their need for large quantities of cooling water) |J 
fusion power which nuclear physicists hope to have avuiUM 
before the end of the century is even more wasteful of Ih >J 
And as population doubles, all these heat-making activmil 
will double—or, rather, they will treble, if we take n.M 
growth of industrialization into account. 

Some scientists have therefore begun to wonder whclM 
we are not already adding heat to the environment I.im.i 
than it can be re-radiated into space. If we are, the tempo * 
ture of the earth will rise and this will cause the rate «»| 
radiation to increase (that is, the albedo will change) until * 
new balance is found. According to one calculation, ih» 
system will be appreciably disturbed if we add more than I 
per cent to the incoming radiation, and this could happen In 
1975. 

According to the great Russian meteorologist, M. I 
Budyko, the ‘thermal pollution’ created by man currenib 
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only "bout one twenty-five-hundredth pwt 

X.I.. Hut ....Other calculation suggests that the 
1-- . *, „ massive 4 per cent per annum. ISow 

.0 'he radiation balance ^ould ratse 

fc temperature of the earth by 10 o 

■L ;::;.. this. as I have already indicated, would 
[IT...1* the Climate. The poles would be.as hot as 
T. .lie tropics would be umnhabitable by 

Lr.'lt’mcH. and would be the P reserv ® 

^...1 of the fish in the sea would perish. Ac 
f Authority, it would take only 26 years, as 
■f ' * m bring about a change of this order In 70 
‘ If 1>lnnct would be definitely too hot for life 

■£, I hi! Is the heat death. Others more cautious, 

before we all perish in the heat de ^- 
R£„n,.h of scientific understatement Pro essor Gor^ 

B... „f the National Academy of Sciences c 

Kpollution ‘will be of great s.go.ficaoce .» 

Erst- rind of projection b * 

L * I, , j s too complicated for our present levels ol 

■ .V.ntling, and 

tSS toraTse temperature and one which 
■CTTwr t! how are they going to balance out? Some 

L • """ h ,ugher ^^othCT^amoYAfrica are increasing 

fe:«:,f the" earth’s surface e"n 

fel. - rt t 8 n°S the^surface 

HLd by man’s activities. If so, we are lucky ana 

*•1 Ibtiy remain in balance. which the 

It, in.tists know very little about the way 
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0 ^vtr: a x a Z o \ ba,an r wheei - M 

from thermal pollution But has bct ‘" 

speed a heavy flywheel ur> L 14 takeS 3 ,o1 " f ^1 

.1 

tion MdTower theTd 111 ^ 6 ^ W3yS ‘ ^ rcdl " <’ -A 

reduce' ZZZZ,Zf% “i*' ""l 

bluntly: ‘We do nnf v or ^ orc ^ on MacDonnl*f m 

.OTificM, T™ r in °,„ ? hether °““ !*>»""'•» I 

oil pollution, the lifettaTof toffita ^tt'ae"’' ' "' 5 

decrease?) of ocean pollution „„ tfcemh? I 

ture is not known.’ eanh s surfac « "•« 

n>£toaTlU‘to r”^ h “'- bM "» M 

only JT A*\l 3nd P lant - C °vered soil ,, uj 

regart ?Ttt. w £°%£%£L tL H ‘ LmMx "‘ 1 

,p S°„“ e S?; ' our S-SSUJ '"I 

Jtoophic, They cou.d evS m Z “toiiS Tl'lS 

camrf a ! "L aMhf^SL toe ST’ °” ". V 

the Advancement of Science in toto" t^ 0 '”""" 
phatic about this The vast inrr^c r 1968, Was 

■ion and agriculture have m,de “L“S' “’''T I 

*—ZZi 3 1 

»* it ‘far .00 . 1 

*-•■ ftofcto 

scientists and treated as of , areaS . IS ,^ 0t ^ unfashionable will, 
cies with ^ZtTtoltlnJ ^ ^ 8 ° V< « «* " 
MacDonald does not leave the problem for others to cop, 
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H P##pi»<»«*N n four-point programme of action, which 
■ Hit «♦ obviously sensible that one only wonders why 
*h done. 

Hp| •«v«, the significance of these climatic interfer- 
mmi b« it 5 cognized by nations throughout the world 
Hpt (hr United Nations. Second, world-wide program- 
pt I hi Iniinchcd for monitoring turbidity, carbon diox- 

■ vapour. We must have baselines to check 
against, and we must monitor in the great 

Mud high in the atmosphere, not just on land. 
K *«* niUlt monitor albedo continuously by satellites. 
Kt llu US government must foster studies of the 
Bp |H or a mo 8 within the atmosphere, and the boundaries 

■ Jbnnuphcie with the land and sea. Most of the present 
K hum d model-building is directed towards weather 
■Phu I" the sense of accurate forecasts for limited areas 

■ liny* or weeks ahead, rather than climate prediction on 
Htel n ii lr lor years ahead. 

Hm!* Mi In chapter was at the printer’s Dr Earl W. Barrett 
Mm! i ivlmnmental Science Services Administration made 
•Monger statement, declaring that the total environ- 
p !« bring altered, perhaps disastrously and irreversibly, 
lUHHiot activities. Speaking before the International Solar 
Me* < onference in Melbourne, Australia, he said that 50 
Mh** ton* of dust particles added to the atmosphere and 
•intMl (here would cause the average surface temperature 
o »hi> ourth to dip from its present 60°F (15°C) to about 
•M* ( I C ) — a temperature at which most forms of plant 
III MMild not survive. He estimates that this is only some 10 
B jMt limes as much material as is now in the atmosphere, 
tin* H Is essential to launch world-wide studies on the rate 
|l i*lit- h particulate pollution is increasing. 

M» anwhile the Global Atmospheric Research Program in- 
Mm*i» h no systematic measurements of dust densities and 
|M«h lull'd variables. 

Munkind is not only altering the balance of the physical 
Miviionmcnt: he is also altering the balance between living 
wliich can also cause problems, some of which could 
tie * ii I list rophic. Let us look at these, which will eventually 
iin back to the environment again. 
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^ i i'acjles, it is said, you may find yourself with a 
Uk *f in. tmiN. For the eagles keep down the lizards. When 
i#*#u im Tense, the frogs on which they feed decline. 
iliMt i hr frogs decline, the locusts on which they feed 
pr«« i In Ntudy of such relationships is known as ecol- 

m • ,m«v he apocryphal, but a true story on these lines 
4 ntr by Professor LaMont Cole. In Malaya, an 
ms , • »•» eliminate malaria nearly caused an outbreak of 
c ertainly made a lot of roofs fall in. In spraying 
1 * «tatla c arrying mosquitoes, they also reduced the num- 
I mmu hes, which in turn reduced the number of geckos, 
in turn reduced the number of cats. With fewer cats, 
» Increased and with them the plague-bearing lice. At 
»‘y« . the obvious—but fatal—thing to do was to put 

• mii poison. This would have caused the lice to look for 
- iminm and they would have moved to human beings. 

HCrtfcly World Health Organization officers were on the 
♦ Im* v did the right thing. They parachuted in more cats, 

■ •!*« plague was averted. 

*•1 the roofs? A side effect of all this was that a leaf- 

• i c ntcrpillar which lived on the thatched roofs increased 
•lingly, probably because the wasp which preys on it 
itlun decimated by the DDT—though the geckos may 
helped to keep it down too. Freed from their predators, 

• ale (pillars munched away until they brought the roofs 
*n Doubtless there were other effects unnoticed by man 
1 of interest to the animals concerned. All in all, a rather 

<1 example of what used to be called ‘the balance of 
«hiie # but is now called ecology. For there is no single 
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etn^disfuS^ftatTf P ° intS ° f b3,anCf . . 4 

equilibrium. The dangers of dkt 1S always '"'"'"'i m ( 
are still little appreciated! bmg thc *»h . A 

POPULATION EXPLOSIONS 

sffs-, «*- —. . 

was a sharp outbreak of malaria aff French dcs,r "V*» ] 

‘he local town, but this die? A ^ ‘° g near, y 

mosquitoes spread aui e tlv a.. u ^ a fc " "9 
Jaguaribe river vaUey, until in 193 y*® C °. aSt I"" 1 "*B 
which continued into 1938 and toon” epidcn "' ! 1 ’ 
20,000 people, n,,“ g otZ, “7 . 1 

bred in the forest! ^TdiHot ™ t e ^ mosc " ,, " , «l 

and about 3,000 traced . . "I 

visitor. One consequence of 7h’k eXte ™ ,nate 'he 
quarantine inspections of aircraft ins ' il '""m| 

African tsetse fly which rarri ’, US * m fame to mten, pi M 
still peculiar to Africa. ^ sIeepm S sickness— at |.„JS 

This 1S a Population explosion of a kinri „i- , , 
seemg more and more often I’ k nd wh,ch the w,.,u f 
travel and world trade a S’ reSU,t of S^eatly im „ , J 

ease reached the US from AcfT u sweet c hestnuf .|J 

century, brought in on nursery plante"^! i 

to ten states and the damao P P * 1911 lt: s P f M 

sweet chestnut has died out al Wa f PUt at Today, it, 

attempts are being made to inti-T everywhere in the US ,.M 

chestnut, which“ i u ‘ “ l " e in itS P * ace the «.« 

blight has got into Spain aid Meanwhilt ' 

chestnut will not grow No douh i/ n the Ch, "« '• 

The.. r „ co , tis t yoo ^ U > ';; o “ *»» .. 

*MS S'Ss,t^f h d d U1 ' .. 


*fl» 
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In I nkc Superior. In these lakes it exploded, 
f U both hunter and parasite. It hangs on to a 
Into it a juice which stops its blood clotting, 
I* mid sucks the flesh and juices until the fish is 
hmiV take as much as a week. Ten years after the 
III, the catch of lake trout has fallen from 
|h to 25,000 lb. Other species of fish were also 


|M! rt ologist Charles Elton, who tells these and 
If •lories in his path-breaking book The Ecology of 
inimals and Plants , notes that ‘we are living in 
Hf the world’s history when the mingling of thou- 
fcltids of organisms from different parts of the world 
M|i terrific dislocations in nature. We are seeing 
10M in the natural population balance of the world.’ 
#U*» 'Will it be a Lost World?’ 

*lt ecologists discovered why the African mosquitoes 
In South America, more usually they are baffled by 
llfnilntion explosions. Why, Elton asks, has the Colo- 
*h|* suddenly become a pest 300 years after the intro- 
«»f lhe potato? Why has the pine-looper started to 
5*«it tilth pine plantations, though it has long been 
Ihere? Why did myxomatosis virus, which is not 
lethal in the Brazilian cotton-tail rabbits which it 
illy Inhabits, prove deadly to the rabbits of western 
$1 doing still further, why do epidemics of influenza 
Hare up and kill thousands, then die away again? 
I u IM outbreak of ’flu is believed to have killed 100 
bon fKrople, not sparing even the Eskimos. Who did what 
|| util* h, to cause this? 

IMIhii considers that nearly half the major plant-pests of 
United States are introductions from abroad: some are 
•i*i ending, and others have only just got their feet in the 
I Inis the golden nematode, first noticed on Long Island 
*M7, so far affects only 8,000 acres of potatoes, but 
Ht+iMpfii to eradicate it have been unsuccessful. 

A* If thc risks of accidental introduction were not enough, 
*11 mi it Is deliberate attempts to introduce new species which 
l he trouble. Thus when the Russians introduced a new 
H»m i«** of sturgeon into the Aral Sea, it brought with it a 
|NHit«ltc which did serious damage to another species of 
•mi neon there. There is now a growing belief that pests can 
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hown??^ introducing their enemies, whirl, J] 

Iv wW L 8 C ° ntro1 ’ aS if 1116 “‘reduce, si.. I 

s m ey W r f° ing - Sometimes is .. .1 

Wh l f n i the fluted s ^Ie insect from Ausi, J 
ened Oe whole California citrus industry, it was .... ! 
amtrolled by bnnging in 139 ladybirds, of an cnr,„. , J 

their numerous descendants did the trick in „ J 
years. 

bnSJhff 8 n °T a ' WayS like that ^ 8 iant African ... | 

brought from Japan to Maui, one of the Hawaii,,,, J 

1936, while other specimens were brought to o„|.„ 

SooTT ZZ k released ® a garden ‘for aesthetic , , 

it had become a pest and, in 1951 afln 

a tempts to eliminate it had failed, it was ’decide, l , 
biological control. But when you want to shift the 
ance, it is a good idea to study the habits of the , 
you wish to introduce first. 1 

attach tZ° mC f Sig T ifiCant sna «-Predators broughl 

eIZJ r Snai1 were Snails known as Go,,.,., 
uglandina. Gonaxis flourished heartily, but did no! 

the Sim r 1 ! S °n 0W ?*" WCre tW0 P ests - Euglan,!,. 
the giant snails all right, but did not stop there n 

tree-chmber and promptly moved out of the low l„„. 

22? “ Wh f the ™ snails dwelt, into the Si 
forests where it proceeded to massacre the local tree . 

A ompetent malacologist (snail-expert) had advised , 
its introduction, but was ignored 

Unt S eSv?f n M-? n der / ChaIie ’ Cura ‘or of Mollusks 
University of Michigan, from whom I have this store 

,hr;"h a "a? SW ™ m,y <"° n "»™ «h„, 
Ste' R,, l ma (giaDt Snail) U is not »k«l 

decimate. But this is not all. The Hawaiian rats tin, 
gant snails, and increased in number. But they are l>. 
infested with rat lung-worm, which it now turns out c.„, 
serious human brain-disease known as eosinophilic 
mgoencephalitis. ‘In Taiwan alone’, says Dr van der Sc I, 

I”S d“se a ase> USand ^ h *" 

Undaunted, the authorities are launching an attack 

r^r 168 ° f Snai1 Which Carries the «iver-fluke ,„ , 
whi^™ b,Iharzia or schistosomiasis. The pro, I, 
has been chosen is the sciomyzid fly. No one k„. 
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I (lilt fly can be relied on to attack the particular snail 
M (he disease-agent, or even whether it will stay 

H I*!!* v* where it has been put. 

m tlu gicnt naturalist, Dr Harley J. van Cleave, re- 
mi* i tirtore his death, ‘Man has meddled with every- 
m I Ike an anarchist enjoying the protection and ad- 
Itf »»f laws, his actions reveal a disregard for the very 
»lm li prevent his destruction.’ 

|bl while man skates on thin ice by blunderingly shifting 
\ kilntflcal balance so as to cause population explosions, 
|iiM lilliully tries to eliminate species he does not like, with 
Mtrs which are positively comic. 

$0 * H OF PEST CONTROL 

men try to grow a crop and obtain a maximum yield 
If*** m, what they are trying to do is to create an artificial 
Hut since it is out of harmony with the ecosystems 
it muling it, it tends to break down, as the following story 
f* li is reported by Gordon R. Conway, who is affiliated 
- *■ 'he Agricultural Research Centre in the State of Sabah, 
M'Uytltt. 

• •h»«ir is a rather new crop in Sabah: the first plantings 

* ** miule in 1956. Large clearings were made in the forest, 

♦ liocs being left to shade the cocoa. Almost immediate- 
**vrral varieties of branch-borers, the larvae of moths, 
i urd, together with a tiny borer which attacked nearer 

ground, ringing the tree. Among the trees under two 
*< * - old, up to 20 per cent were killed. In 1959, dieldrin and 
ft were applied at high concentrations. The borers looked 
. Mule pale, but persisted. Meanwhile various leaf-eating 

• I pillars, aphids, and mealy-bugs made their appearance, 
•prayers returned to the attack, adding BHC, lead arse- 

on mul a white oil (Albolineum) to their original arma- 
» mI I he coverage was ‘very heavy’. 

i lie branch-borers seemed to thrive on this: by 1961, one 
w iree in every six was attacked every month. Now two 
»f ruling caterpillars showed up—one of them had been 
•own only to attack coconuts before—followed by a plant- 
•pper. These all became ‘extremely abundant’, says Con- 
•*v. ‘the hoppers so much so that, on being disturbed, the 
lulls, which resembled moths, rose in large clouds from the 
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tetae' ® y i?i h L m<,S, »»">«* of a.. J 

ScffclSeIS 8 , “•S- d *” 8 " ,hreaten ” '""" •"j 

from in^cticidS Sd L?Th.vl“ B Wry * ' 1 
IOO i, , lso protects the eggs. Tw XSdZl* 8 ’ "" 

«" applied to nrn^V °” " d d . 1 

to what drey actually eat, aZ IZvL l ™ . . . 

late “ °. " I 

was spreading. Furiouc c™- , • , d dymg trcc " «•< I 

caterpillars but left th^ f, P a7mg knocked out one ui M 

by hand was tried in deim^ration^V 111 ^ 8 P ‘. cklns ,l " I 
very costly. desperation. Verchct: meffecllvr , I 

S p£^rs r b : on 4^L\? ant ; dea ..- * 1 

were knocking out nreHct “ broad-spectrum insetn,. 

than they were knocLg out thepeS 6 ** 

cocoons^as'scores o'ZTt C ° Vered w ' ,h 
lars, which bv Se ha^ r r 8 ° ne of 

negligible, g td mIT ft bec^ ^ ^ " L 
Plant-hopper wa/aJso on ttfway out Bv ^ " 

goner, and in this mnnth f 7 , 1 ' By August it w (1 , . 

noticed. On opening some of the bori^g^n 1 *J k ' borines " " 

hy™s r ^ , s,dn^",:^r“ , "» *”*-<»* .. 

time it was found that the hr. the “’ tunneIs - At the sm.» 
forests dcs 0 ,Zv wWeh wZ ? T comi "* bom 
then destroyed and the two men CEV 7 tunneled. These wn* 
pest. This left the smug little hT™ t0gether elim inated n,„ 
cide was found A Selective 

•he decs begau put o“ «w S"lT, r 9 « 1,°' . 

to abandon this form + 111 1“63 it was possihh 

(taebiaid) tylL ZZ LSZT* ■'*'*'** * 

years following, up Zhe ,17 7 ” Check - 11 «* ">■ 

rbese pests reappeared o‘ T,° Co ™* 1 '' 5 report, none 

bouring commerdfd'estatM 1 were urged^to st ^ ““ 

were urged to stop spraying also. 
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result. Only on one estate, where they persisted 
0 Iniri mtestation continued. 

* s »y (nits it, with some restraint: ‘My experience, 
of other entomologists in Malaysia, suggest that the 
« mI lance on these pesticides has not been wholly 

•lory shows, it is courting trouble to engage in 
<**m largo areas under a single crop: monoculture as it 
r I If a pest gets in, it is liable to spread rapidly and 
* M*spread destruction. If the crop is an essential one, 
m or rice, the result may be famine. It is simply a 
l pulling all one’s eggs in a single basket. But we can 
fl»« moral in a more general, and more significant, 
tlMii't oversimplify your ecosystems. 

«iill labour under the delusion that you can elimi- 
i=h- n pi 'ii -or a human disease—without causing adverse 
h* rhewhere. They fail to realize the connectedness of 
4i * ino we live in. 

I ms recently provided a different instance of the 
$m principle by creating oases in the desert, by means of 
.# 1 Hi i systems, and growing peaches, grapes and other 
*i nips. Provided with a nice, damp environment, several 
nnis i« of no previous economic importance have become 


s «? « |H’nl.i. 

h» i**i n irrigation was introduced, onions were grown from 
^ planted late in the year. Onion flies emerging from the 
. * ■■ Mage, found nowhere to deposit their eggs: only those 
♦ Ming in December or January could find host plants, 
•i*• wing the introduction of irrigation, onions began to be 
* .1 from seeds sown in September and October. Result: 

mi Ion flies found nice soft seedlings to plant their eggs in. 
Wm mo is the red pumpkin beetle: the larvae attack the 
-* of young cucurbits, while emerging beetles feed on the 
•«i u leaves. Entire fields may be destroyed in this way, and 
n |ust before the fruit is due to be picked. Cucurbits are 
« grown under overhead sprinklers, which suits the 
Pipkin beetle, the eggs of which require moisture to de- 
f *P Ihe larvae don’t like moisture, however, so they mi- 
!• Irom the roots to the fruit and eat that instead. 


I Iu3 corn-seed maggot, once welcome because it eats locust 
■ ut nlso likes damp conditions to lay eggs in, and was no 
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problem in the old days of drv c 

^o r „ has rism y „ r/nSr;:;"' 

and C hn these ., exam P les “> show how touchy , 
t ow easily population explosions are ca.i-„,i 
pe ts for two reasons. The first is to show (he rl, \ 

„ ith enS^eM «' . 

tnm „„ ^ vanety of enemies and parasite-, „ 

ZT SPeCICS Which becomes ^usually . 

iiTC? rr ,s “• .. 

spraying, „ .«"toS 1"“? .. . 

fences. As a result of the use of ddtT * i— exd "‘ 1 "' 

as the codlin moth, the red nfitfhJs ?. e!lmmate pcs " 

problem. Neglected orchards, in c^trastTave W °' M " 
none even now pnm,* , contrast, have prat n. 

Thp. ;/ natural predators, which spraying elimin u.. 

ately restore complexity 8 n **“* ° De shou,d d ‘ 1 *' 

insect flares upl s Jmme? US f CaJifornia - where ,1 k- , 
on which it breeds which h^ 1™'* ° rcbards ’ ’he dead n< <• 

being experimentally reintroducedr^heT^^ V™ . 

Plant to breed on, ?he Ssec t T ? ^ Wi "' 

year, which gives ts nr P ^!f u multiply earlier in ,1 

short’, many ff o™ ^ms d “ ace *° get at « 1 

simplify ecosystems b!^m " ° Ur OWn creation " 
our pi,. J*—*—* " ' 

is much more intnVot^i , ^ e £ am * The environ mu 

our OT „grirs“'L e t ( f““ ,,y ■ 
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^■P»M 4 MIMAI s 

■I it million species of insects, and no one 
■ n»H*r. Iho elimination of a few, unless there were 
pit illogical consequences. The position is different 
i animals, and especially the larger mammals. 

Wk mm )«• eliminated relatively easily. In 1700, there were 
[jpnMH buffalo on the American plains. The Red Indians 
ftfed them, hut not to the point of reducing their numbers. 

p »****•> iho white man, with his rifles, and by 1900 there 
k N#dy a few dozen left. But it was not the rifles which 
k fe< Mmiuo, but rather the lack of any respect for the rest 
■ pH hi i l he Indian killed only when he needed, the white 
k titled 'for sport’. Battues were organized in which peo- 
$ iii*.I in nvc how many they could kill in one day. Buffalo 
ftp. IiU mime from his achievements in this noble activity, 
|| in— i |M iformance being 250 slaughtered in a day. Some- 
Mm* dm tildes were taken, sometimes the tongue was tom 
Mu mostly the carcases were just left to rot. 

* ».* m It came to catching birds, much larger bags could be 
H&>’ » •! In Michigan a billion passenger pigeons were taken 
ti y.m. On another occasion, 714 million were killed in 

• i m at one spot. By 1914 the species was extinct. 

i ■■My, wc do not operate on quite this scale. But the polar 
U In jeopardy, thanks to hunting parties; they are also 

• *lirn they come near human encampments in the belief 
•t limy are a danger, though it is unheard of for them to 

k men without provocation. (Reports often speak of 
f.iuvokcd attacks, but closer study shows the accusation to 
•m founded: it is invented to justify the kill.) The turtle is 
.li ned with extinction for another reason. It is too use- 
> I hr llcsh, the shell, and the eggs are all sought after. 

• in/enz Ziswiler, a Swiss ecologist, in his book Extinct and 
Hhltlnf? Species, lists about 150 species known to have 

MiUtird in the past three centuries. The list ranges from the 
... hi (1627) and the dodo in the seventeenth century, to 
Indian pink-headed duck in 1940. The reasons why ani- 
.ii vanish from the earth are various: the Tahitian 
< 4 ret went because its habitat was altered by drainage. 
• New Zealand quail succumbed to diseases introduced by 
nl. in. The Tasmanian ‘wolf* was hunted because it was 
pimrantly believed to be a predator—actually it is not a 
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carnivore, but a marsupial like the kangaroo 11 „ M 
kiwi or apteryx was wiped out by weasels mo, ,.M 
enrich the fauna of New Zealand. Schombuivi J 
persecuted in Siam for religious reasons. I 

It is too late to do anything about these I so A 
species, but we could do something about the mu i I 
species currently threatened with extinction. I h, . M 
the Bactnan camel (400 left), the oryx (200) ,|„ 3 

elephant (100), the Cape zebra (81), the cahow i n| 
Manchurian crane (30), the Japanese crested il„, ,,, 

Everglades kite (4 or 5), the Bali tiger (3 or 4) . J 

tor which the numbers are not known. 

»rr y anima!s but man y P Jan ‘ s are becoming „ J 

alone Th “ 80178 danger ° f bein 8 lost In I- 1 

P l “ f The . SItUatl0n 1S most serious in islands wl», J 
exist found nowhere else in the world. In the II j 

Sue 8 ’ °h mStance > 95 P er cen t of the native .. 1 

un que, and many are on the verge of extinction. I. , 

possible to spend a vacation in Hawaii without evn , . 

na ive p ant. Philip Island in the western Pacilli , 

va!? P ^ er °^ d ’ With 0nly a few P Iants remaining . 

lleys. When Capt. Cook discovered it in 1774 it u , , 
pletely covered with vegetation. There were thro 

s S hS e i805 e ’a O c f Wl f Ch f ° ne ’ ^ gl0ry pea ’ has not h,, „ 

snecies con’lH °j yCarS 380 on] y one oil.., 

bushes left ’ aDd ° f thiS there were only . 

cas^ofThT Pr f ab,y ^ WOTSt menace > espeeia.lv In 
are on the o Succulents: man y rare African ..... 

fE tt&rr-jxss; :■ 

sst-m* h * s - 

'!“* i! wip '“ 8 »' *“• w*™ '■ 

. pJanet? Evolution is capable of many quirks •„ 

apa“fr S om e th SOme th^® ht ° f ODly mUSeUm “teres, , 
flora and fauna 6 ! ** ° f maintai °ing a richly v.„ 

Plants nfl r 6 ^ PraCtical reasons for doing 

erties £^1 i-n UniqUe medical or other 

ishing oryx can^Ive S ideMte^^thou^d C Snk^ S h' ' 
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tfm growing world population expands into them. 
** wlmt future peoples will want? It is sheer folly to 
*l<#» pool of genetic variation built up so painfully 
§i#MiH<u of years. 


r 


M MISTAKES 


mg . xMipIrx chains of cause and effect also exist, and some 
Ifci wmiM examples of biological backlash have followed 
| of great lakes, such as Lake Nasser, and power 

kim li as the Kariba Dam. 

flw mii nil .striking, and quite unexpected, consequence of 
ling of the Nasser dam has been the collapse of the 
pri»)^Mtinnin sardine-fishing industry. The Mediterranean is 
|*i nutrients, except at the eastern end where the Nile 

|: * discharge its rich burden of organic silt. The Egyp- 

Miitlno industry amounted to 18,000 tons, worth $7m.— 
ptihiet were almost half the total marine catch. Now the 
***** * dam holds back the silts, and today the sardine 
lb* -mv runs about 500 tons, while the export of fish prod- 
* « im norally fell to half in the 4 years following the 
ti pltftlon of the dam. 

* rind part of Egypt’s fish comes from five great shallow 
|N Hnh lakes, separated from the Mediterranean by sand- 

* Here 19,000 people live, rearing fish in shallow basins 
h-m k the lakes. The largest, Lake Burullus, yielded 15,000 

» year. Catches have been declining, as herbicides, 
< Hi Ides and copper sulphate seep into the lakes. Lately, a 
iirrious threat has materialized^: the sand-bars are slow- 

* 11 (filling, now that the Nile no longer dumps its sediments 
dr area. Eventually the sand-bars will open and the lakes 
'i disappear. 


I la- sardine fleet is attempting to adapt by fishing for hake 
I li/.ard-fish, while the government, in desperation, has 
hi three ocean-going trawlers which will work off East 
na a, but the eventual loss may be around $20m. a year. 

* I v in 1970, however, it was reported that the increased 
■*i indy of the Mediterranean is adversely affecting fishing 

• aighout its length, so that the final cost may prove more 
im is than is now thought. 

I lu* loss of silt also means that the lower Nile Valley, once 
• li i tile, now has to be treated with artificial fertilizer. The 
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£ e ™"“‘ “ e ;f" , ha! » »“M fertilizer i,. . 

.b«». The dam irtatS S'„X““bI y .. 

n™, £fcT*™l, om "» 200 -"" 1 ' '■•••»] 

more than the whole ’ ^ K ' m ttle irrigation hnj 

alluvium along the river bank^V' 5 ^ anted ’ thou « 1 ' '<hM 
land is compLtTdtrt." d rT^ll **" ""< 
technical consultant to the Fvvnt - 1 _^ niLd ' „ i,, t( 
Works, has been auntrd E ® yptian M mistry „f |>J 
appear to be so great as to Lak^fe ‘ evapora,i( '" '•< 
benefit, if not hazardous.’ AhmeH he , Hlgh Dam of * I "'*S 
the Nile discharge could be lost b^se^L^d ^ 1 

twenty years of its life, and about 7rt n P ® 6 ^ Unng "'-l 
ten years. Filling the Wad; p * 7 ° Per Cent dunr T »i« 
to’tinks, andKeSvf’™' W °"' d tee._ 

. i 

zia and elsewhere as schistosomiasis The “ '"""I 

a blood-fluke which is carried h m 6 disease IS caunml tJ 
man; the eggs are excret^ , 7 Slmls but lays "s <•„„.] 
into larvae which enter snails MeiTth*’ T*™ they 
tailed worms which attach ti,? i ^ deveIop ^ tor I *3 

■to wareri ,hey ^ *“* . . 

where they lay more eggs. ™ d make for ‘he lb J 

t.a N Some‘,rSd-s . J 

estimated .14 mZ^eopTe, md “ Pr “ d **““• .. - 

owing tifthe generaTp^cti™ p f ready fr ighteningly con.r. I 

streams, and fhe .aiTp* ? “S*”pi“ | , ° f *«•. I 

streams either to bathe oJ wash or m ° entur 1 

become reinfected. It has been e-,’ * Water animals, 

Pharaohs. Today it is reckon^ ^ ?“* time . . 1 

population of Lower Egypt are affer^d ? ° ^ Cent of I 

rate is 100 per cent The life ^ ted: 111 some villages il„ I 
years, for men, iTneTJt ^ 11 ^ for is ,, 

is fantastic. Dr. c H Barln WblC f* the e S8 s are prodmol 
H- Barlow, who deliberately infeed 
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| lt»# mm me of science in 1944, produced 30,000 eggs 
|*m it ino extremely ill, and was only cured after a 
i hnIf, by means of a drug so unpleasant in its 
I Htn*l people refuse to complete the treatment. 
liMii, Nlow-moving waters of irrigation ditches 
lit*4 ihr habitat that the host snails like, and favour 
htMNtinul form of the disease; as irrigation spreads, 
[►liUinNomiasis. Moreover the ditches are kept filled 
M formerly, they dried in winter, and the cold 
I U Mioy the hosts. Dr Henry van der Schalie consid- 
npicad of schistosomiasis may well cancel out all 
!•« of this $1.3 billion dollar undertaking. The dis- 
!♦**« ail extreme fatigue and lassitude which may have 
|| itf reducing agricultural output, rather than increas- 
piricnt there is no effective cure—the one used by 
( t* utmost more dangerous than the disease—and it is 
§Jy hard to eliminate the snail hosts. Copper sulphate 
dumped into the water to destroy them, but if only 
[j&fvlvr*, it will rapidly repopulate the area. Van der 
look part in one such attempt. Forty tons of copper 
¥ wore used at a cost of $13,000. Next year there 
hair iin many snails, but just as many sites of infection. 
Mluwing year the snails were back to the original 
One could not detect that the tract had ever been 

Mm my I i Lower Egypt has always been harassed by this 
I ho Sudan has been relatively free; as the new irriga- 
■ *«t«uh are built, the disease will probably spread into 

T m Lgypt. 

Miaul Wright, a leading parasitologist, said in 1951: ‘It is 
Jf^nhd that schistosomiasis is costing the country <£20m. a 
ii* I he productivity of the population is decreased by 33 
pi JNHtf. All the heavy labour is supplied from Upper Egypt 
W*** llie disease has a very low incidence. Over a period of 
22 per cent of army recruits from Lower Egypt 
hecn rejected for physical defects, whereas only 3 per 
*•»* . 4 i hose from Upper Egypt failed to pass the examina- 
flmt I he difference is believed to be due almost entirely to 
hlyh schistosome infection rate in Lower Egypt.’ 

Ami of course, Egypt is not the only area to be affected. 
MDfttoRomiasis is spreading in the Kariba area. A small 
ttigidion scheme in the Zambesi valley reports 89 per cent 
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infection with unusual symptoms, such as pamlvi.li ^9 
bral abnormalities. In Rhodesia, the Umshamll^ 
scheme has been practically abandoned. ‘The <m. 
tries in Africa face frightening increases in tin 
bilharziasis’, says van der Schalie. 

These great dams are too often conceived in » q9 
technological over-optimism coupled with the f«<it3 
confer national prestige. The effects are worst wIiim. 
one-purpose dams, intended simply to produce < |. *iri§] 
er, as in the case of the Kariba Dam, which t 
largest man-made lake in the world. 

The effects on local populations were disregard-! .9 
where they exerted some political power. The I..U (9 
alluvial land on which local tribes carried out m.IuiS 
farming—but since this did not show up in the tig J 
gross national product, the loss of output was ignore! t*9 
planners. Yet, as Professor Thayer Scudder, an mutual 
gist who has studied the area, has pointed out, it *^9 
actual cost and in the event of famine, lack of thin 
adds to the burden. 

The flow of water from the dam was regulated t, 9 
engineers without regard to the attempts of these r 
maintain themselves. For the first three years, while die t9 
was still filling, no water was released and people hi v «nm 
cultivate the low-level soils. Then in April 1962 their y > M 
were flooded ten feet deep in a single day. A local ii..J 
followed in the area where people displaced by the lake 9 
been resettled. In the following year, the same thing i.J 
pened, except the date was different. In 1963-64, the 
were opened and shut repeatedly. In the dry season, 
water would have been welcome, the river was made in (4 
and the crops were heat-struck. If the object had hem * 
make a Keystone comedy, the effect would have been v-* 
amusing. 

‘It is hard to imagine how those regulating the flow 4 
water through the dam could have acted in a way mmi 
detrimental to down-river agriculture,’ comments Pml« .. 
Scudder. The sudden floods are washing away the soil on iU 
river banks and it is reckoned that in 10-15 years there wil 
not be enough left to support the population. In any case, i 
relocation areas cannot support the existing population, 'i.j 
food shortages are developing. 
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m u ll.nl the over-simple solutions offered by 
ELoiv u.nnot successfully replace the intrinsical¬ 
ly f.nturnl systems. Disease and suffering for 
nt« the direct outcome. 


^■l • »• 

K, nlnnt and animal interrelationships which we 
E Hiiiildcring exists within a broad framework of 
[t, vvnirr and atmosphere which also counts as pa 

E^hp"lime-scale of change is very long compared 
lifespan, we tend to think of air, watei^ an 
i ‘tv»prp* for our convenience. In reaiuy 

L*":r 

fcsMs-it 

l h ..soil. Soil is wasted awav by < he "“momssed 

l t i he course of time, it may become compressed 

wtkh“m rf' particular aud immediate 

tf’we S“. “kedTwo'oryleutom to each 

fi 

*■ ** ct lhat pat> „ toms but giving ofE the oxygen 

I**, retaining the carbon atom g S phytoplankton, 

.. The drifting plant-life of the sea tne p y ^ 

much more carbon 
& SZ sLar area of graas would. (A little oxygen . 
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made in the upper atmosphere, by the action of 
which can cleave the oxygen from water, but tin 
inconsiderable.) 

Thus the atmosphere is a biological product. If 
ceased, the oxygen would be gradually removed .♦*4] 
atmosphere would revert to its primitive state. The 
nary fact is, the earth supports life only because iIiim* H 
there—or rather, it is life which supports life. (CnutM 
the reason planets like Mars do not have an 
which supports life is that there is no life there to Mi|'i*jl 
curious paradox.) 

As we shall see in the next chapter, man is interimm| ( 
this happy arrangement. But let us first consider lie f 
element in the atmosphere, nitrogen, as important to 
oxygen though much less talked about. ^ 

Nitrogen deprivation is synonymous with human I 

Much of the body is made of molecules which 
nitrogen: proteins, enzymes, hormones, vitamins and ilttH 
cleic acids which control growth and development At 
population of the world expands, the supply of mtm^B 
becoming the critical factor, the lack of which is tin 
cause of famine. 

About four-fifths of the atmosphere is nitrogen, and 
very curious because nowhere else is nitrogen found in ifl 
quantity. It usually links with oxygen to form nitrites t 
have two oxygen atoms per nitrogen atom) which turn 
nitrates (which have three oxygen atoms). Or it comla^fl 
with three hydrogen atoms to form ammonia. Ammonia, it ■ 
worth recalling, gets its name from the temple of ln| ii«fl 
Ammon, where there was a strong smell of ammonia h 4I 
the dung of the camels which brought his worshippers lime 1 

The only thing which restores nitrogen to the atmoji|>tirifl 
is the activity of certain specialized algae and baeimiy 
known as the denitrifying bacteria. They chew up miidi 
and give off nitrogen. So this component of the air AlJ 
depends on the presence of life. 

Living creatures, whether plants or animals, require nltt*l 
gen to make the amino-acids from which they build protolml 
(Crudely put, proteins are meat or muscle.) Plants oblulf 
their nitrogen by virtue of another variety of bacteria. tl»« 
nitrifying bacteria, which live on their roots and absti • 
nitrogen from decaying vegetable matter in the soil—or <4 
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Ifcmn nitrogen-containing fertilizers. Animals obtain it 

L. ... or eating animals (including fish) which have 

Fortunately the nitrifying bacteria are numer 

EipUois or animals die, another P' 0 ^P of 

l , „ rom ains into amino-acids and other residues. 
fj .Sing bacteria convert these to ammonia 
L ||,„ *mell at Jupiter’s temple). Yet other 
Bi ...unonia to nitrites. Finally a sixth group of bactena 
S, ,|„ nitrites to nitrates, in which form they again 
E available to plants. Nitrogen thus moves round a 
Ron. plants back to plants, dependent at every points 
L for Its maintenance. At the same time ® 
fc «, it as a reservoir to this process, both abstracting 
R , up nitrogen, mainly through the agency of other 
C"‘ V .T« °fd hundred, of .hcus.nd, «««•»" 
BL. to the environment without testing whether they 
l. to these humble servants of nature, 

t turnover time of atmospheric nitrogen is much longer 
flu, oxygen, probably around 100 million years, though 
R„! S o long geologically. If life ceased, nitrogen would 
Junllv combine with oxygen to form nitrates, an 
J„„,* of both in the air would declme to a very 


light is 

S ,.t and Plant photosynthesis is reduced, thus reducing the 
Sla". oMhese gases. But there are certainly many other 

Bulltory feedbacks at work. Currently scientists are Puz- 

fc l.lt the scavenging of carbon monoxide. Man ,is 

CwXTwhrhe^dds stays around for only a year or 

Sf .cole, ‘that I 

^vl" twice heard prominent chemists sayandhave oncerea^ 

ia « textbook, that it would be desirable to un y 
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ZSJZr*** because a “ia and ni, . 

Z rt a : agn< L re! ’ But iust because thc y «i» - • I 

L” * meCba " 1Sms > aad why they work so «... 
aIv feedh"^ u hat man ’ S “ terv “tion may ... 

illt i 1“™ can be swam P ed by i- • 
input The thermostat which regulates room .. 

cannot maintain the temperature if you open all ,l„ 

A^d wh T’ ° r k t CP yOU C ° o1 if the house catche s. 

sno^ Ji I™? 6 m ° re imp0rtant - these med, . 

Kan T SOWy: 80 eVen if the y Can absorb dll' . „ . 
human activity, they may take centuries to do so .. 

to S C ° n t d ‘ t, 0 u S may be adverse to Iife - Man l.„ 
* n 2 d . L beautifu »y-balanced mechanism. , 

nhosnh 7 S u h regUlate the tUmover ^ carbon 

Sow^ hZ’ “n d ' OXide and other substances i, 
knows how much overload they can tolerate. 

Ihe amount of nitrogen mankind is dumpini . 

ecosystem is truly enormous. P '• . 


nitrate jag 

rfvof man “ ”“f CaS6S ’ thC Hmitin « factor in the fo, 
EL f T an,mals and P lants - Oxygen is presem 

generali a vshLt te L USUalIy S °’ bUt USabIe nitro « en as mu 
SnstmS L LLT 11111 ° f liYing tissue wh| ch a pi, 

amount of t' * 8r ° Wth ’ ‘ S USUall y limited I 

amount of nitrogen it can acquire from the soil. So ,1, 

arid ST 1 ‘f thC farmer ’ s 8181 ste P ‘0 increase his yn 

a m dEno H° U f e ’ Water 18 im P ortan t too, though 
do no g o° d if nitrogen is short. After these two 
are satisfied, phosphorus is the next limiting factor 

use : f “ ry C ° mmoner has m ade a close study 
use of nitrogen compounds. He finds that in the I 

atural turnover of nitrogen compounds is about 7 „ 

7 mfir bU - th u man su P erim POses on this cycle ai 
7 milhon tons in the form of fertilizers, plus a furl be 

is a Li i Commg from car exhausts and power-plant. 

for anv S oib lntrUS10n - N ° ^ haS WOrked °ut similar I 

Euron C ° Untry ’ “ far 38 1 am aware - But 

European countries, notably Holland, use fertilizers 

more intensively than does the US. ‘This intrust 

Commoner, has produced stresses which have already 


Nature Hits Back 95 


if im * nrHous deterioration of the environment. If 
■f threaten to collapse important segments of 
ii** I f Correction of these trends will require us to 
pf gittvr economic, social and political problems.’ 

|p M. a, a man’s use of nitrogen especially significant is 
I tfcal It In in the form of nitrates, which, as we have 
£t Munparatively rare in nature, and the speed with 
Ik* li«* Introduced them. In the US, use of nitrogen 
Increased 14-fold in 25 years. 

4 bnmrdhdc consequence of dumping nitrates on the 
K Mt«§ much of what is dumped is washed into the rivers 
miIp« hr fore it can be absorbed by the intended crop. 
n !hm < < >m fully fertilizes the algae, which ‘bloom’ or, if 
undergo a population explosion. When they die, 
ipiu ilt-fttioy the remains, themselves multiplying and con¬ 
fute, luminously increased amounts of the other vital 
gum. m ill, oxygen. This they draw from the water, leaving 
*<• 1 * (devoid of oxygen), with the result that fish, bac- 
(g •ml other life-forms die. This then causes the algae to 
**mI very offensive the rotting masses are—the lake 
abiotic (devoid of life). Algal ‘blooming’ occurs 
MUmtfrn levels reach 0.3 ppm. 

Hxltnul conditions, lakes move slowly through this se¬ 
tt* • of events, known as eutrophication, and ‘die’ after 
. U or thousands of years, depending on their size, 
tributary streams wash organic matter into them, 
t» decays into a rich silt, and so releases nitrates. A 
*d < it nai or pond full of duckweed provides an instance 
pioccss at work. Mountain pools remain clear because 
»♦». lied snow which feeds them carries little organic 
* It i vers, likewise, normally remain clear as they wash 
»i Mile detritus down to the sea. Man accelerates hugely 
i Mira! process of ageing. 

* d» no oxygen left, the capacity of self-purification is 
A report prepared under Dr Athelstan Spilhaus esti- 
• hat, in the US, this process will consume the entire 
■ n ( 4 >ntent of the summertime flow of every river in the 
.uy by 1980. Since nitrate-burdened water is unsuitable 
• hinking, this could mean a catastrophe. Already one 
i lawn in the US—Elgin, Minnesota—has had to find a 
v.ucr supply for this reason, while other areas are at the 
, • mark. Public health authorities have set 10 ppm as 
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the acceptable level in drinkine water rw- , 
preached this level during the spring of 1967 , ", ', J 

made i ral f P ‘ h “ fl,inois e *“ed this I, . J 

™r d > 88 above the **■ and 182 Se 5 \ 

sur?wh m ere ne t r he m nkrat rather . . . ' 1 

average ^of jeflT’ ^^rt^^bSng'",,,'! ' 3 

fertilizer fetched up tathedraTnaveii n,tr ° 8Cn 1 
startling amount. It has been fa^° Ver | T " 1 

m drinking water come not froifferti^S bm*, V 
and since these are usuallv npar tK u <,m ^ 

indeed affect domestic wells Bm ?•"" 

taking large irrigated areas, it Is the f5£ °" 1 '" ' 

main culprit fertilizer wlm h 

*1 

age. It is reckoned that the ’lake has n f T,? Unic ' 1 ’" 1 
this century due to sewaee Thf 1 8 15 ’ 000 Vl » 

gan of course W* Se J age \ The southern end of Lak, M 
8 ’ ° cour se, is dead, as is the south shore of r ,i 
around Buffalo, Prac,icily o( the „ " ° ' " 

»“i A,e “ 1 

“■ ■ 

amounts of DDT and nth worse condition i, 

v* - bish " - 

DDrZ°L b ‘^ o' LSI 

noted a 3 ! the^eXii^of this eUtrophicate(l - " 

domestic sewage these Jakes V pnnci P a,I y becau- 

- the -- ofi-s of E ~; r; 
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Hfcp *n»t Francisco Bay, and the San Joaquin River 
Rmw* into it. 

■ f#M< a British research group, spurred by American 
mu die subject, examined an 80-kilometre stretch of 
Oiinc, a river which runs through heavily fertilized 
Minimi land. It was found that 90 per cent of the 
Kpi in l lie water came from fertilizers. The amount was 
equivalent to 46.25 kilograms per hectare (41.75 
■Tp** ««ie) over the catchment area. Farmers were apply- 
i average, 160 kg./ha. (145 lb. per acre). Thus one 
■pit* "l the fertilizer applied was ending up in the water. 
Hp» ftnin the waste, Britain needs her surface waters for 
|p|m|i purposes. Several wells in Essex have been found to 
the WHO limits for nitrogen already. 
fW**!nn are relatively harmless in themselves. The reason 
B<»p levels are regulated in drinking water is that, in the 
IP* tin y may be converted to nitrites, which combine with 
s* 1 moglobin in the blood, destroying its power to convey 
I he result is asphyxia and possibly death. This risk 
» Ihiiu been understood but it has only just emerged that 
Mulf* may carry excess nitrates to the point of causing 
* « "million, known as methoxyhaemoglobinaemia. In the 
m» n s r years a number of European doctors have reported 
^ of infants affected with this disease after eating tinned 
h Spinach is rich in nitrates, which airborne bacteria 
hi to nitrite, even when it is kept in a refrigerator, 
mo* in the spinach may also do this, both in fresh and 

* n or tinned varieties. Various other baby foods carry 
m * at lower levels, beets being the next highest. Experi- 
» shows that the nitrate level in spinach is directly related 

•ho amount of nitrogen applied as fertilizer. In the US, 

" less fertilizer is used, there have been no cases of 
nInix y haemoglobinaemia reported though potentially dan- 
ux levels of nitrates have been found in samples of 

• h and other vegetables. Nitrate poisoning of livestock, 
»ver, has been widely reported. 

‘•unties ^parked by these findings have also revealed that 
«ies at 53-78 ppm are corrosive to tinplate. 

lot is GASES 

I.ile nitrates are permeating the water and soil, two other 
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oxides of nitrogen (nitric oxide and nitron* »|| 

causing problems in the air, as is another mii «*m > ■ 
pound, ammonia. Cars emit nitrogen oxides, mid ti 
spheric burden seems to come partly from tin*. 
partly from agriculture, since high levels are obsn * M 
times when fertilizer is being applied and in aie i < »■ •i| 
are much used. The correlation of car-use wiih 
nitrogen in rain is quite high. In the US six null mi, » 
such oxides are injected into the air by cars « ♦« U 

Except in the Los Angeles area, the new regulation 1 
cover them, but apply to carbon monoxide and liy»li • * 
only. Fuel consumption by cars is expected to rist I ' 
cent in the next decade, while that used by don- 1 
transport may quadruple or more. The alert limit • -.M 
low: 5 ppm. At 25 ppm the oxides act like war y . M 
cause lung-damage. But at much lower levels they d* -m 
the capacity of the blood to carry oxygen, ju.si .. m 
nitrates. And at the moment we have no way of drain** f| 
them. Moreover, in conjunction with hydrocarbons. < ■ 4 
der the action of sunlight, they form smog. 

There is even a suggestion that cancer-causing nil i• • 
pounds may be produced by oxides of nitrogen. 

It seems likely that we shall have to restrict the *•■ 
fertilizers—a conclusion highly unwelcome to (In- 
hearted economists and agronomists whom we shall m« • « 
later chapter, solving the world’s food problems by im> 
applications of fertilizer. The core of the problem h m.i 
the fact that, when nitrogen is applied, it does not cult 
organic humus which has been yielding nitrogen to tin 
Even when nitrogen is running off into the water, the 
being depleted of its natural nitrogen. Simply cutting h «. i 
nitrogen, therefore, will lead to poor crops; it is necev «* 
restore the natural fertility of the land. This is also tm. 
the sense that the porous structure of the soil depends <m. 
presence of organic nitrogen, and unless the soil is pm 
oxygen cannot reach the roots. Heavy machinery is m 
case compacting the soil; applications of inorganic nil i • • 
make matters worse. 

The problem arises entirely because of the size ol i 
population. This is true in the simple sense that fewer p* 
mean smaller crops and less use of fertilizer; but also in ' 
more important sense that small populations can affonl 
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.. obtaining what they need by cultivating as 

. land as necessary. It is only when land « 

„ „ incomes necessary to wring a high yield from 

, , ™i„. i, seldom grasped, and economy often 

' JL r Russian yields as if this were a fault, 
tail to see why European yields are higher than 
. ,, Europe just has less land per head. 

™, would hardly deler them, '— “ "'“Vprte 

*’ .';:7 to b ;“°;?eX“S,t SS supply? Obviously 

•; 1 d.. Gordian tot can be cu, by 

*.do no. simply 

IZZit In me physical environment, as I shall 
iil»c. 
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* - oni.y in 1969 that biologists became aware of the 
• «i large starfish known as the Crown of Thoms had 
»no a population explosion and a change of habits and 
n Hllitg up, at a rapid rate, all the coral in the Pacific. A 
■l dial such starfishes were multiplying in the Red Sea 
hi heard back in 1963 but had not caused much 
m ■ a In 1966, reports came in that they were beginning 
♦mm li up the Great Barrier Reef. But it was not until 
I ( liesher of the University of Guam wrote to the 
Ion ally-read weekly Science in mid-1969 that the 
| MfU community was shocked into attention. In Guam 
la Naid, 90 per cent of the coral had been destroyed 
4 1H mile shoreline in IVi years. 

s Crown of Thoms is a large sixteen-armed spiny 

* *», consisting of a 6-inch disc set with 2-inch spines. It 
iwire its own area in a night, and destroys a square 

of coral in a month. In some areas Chesher reported 

• features are as thick as one per square metre. When 
I hi vc eaten all the coral in one bay they move systemati- 
• iu to the next. Normally, the Crown of Thoms ( Acan- 

< ‘ f pi and, to give it its zoological name) eats only at 
m but the swarming populations of the Pacific have 
4M<1onod such leisurely methods and now, with a truly 
■ mt nnt devotion to work, eat all day too. By the spring of 
, Chesher noted, all the coral in Turnon Bay was dead; 
>iiit umn the creature had invaded Double Reef. Winter 
*iiii prevented observation of its progress between Decem- 
» ii ml March, but when the scientists went out again, 
•iher 4 kilometres of reef was missing. 

I In* University of Guam decided to counter-attack. Blan- 
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« P«Uta .. . 

cor.l. Divers „e™ £.’. . . 

water bottles of formalin ct r 8,3111 s y ri "r 

creatures with a lethal doo^p^J 0 their arn,s ’ . . 

and 700 a day but tw Each man ki,,etl l, "» ■ 

5 ^*“ ... 

Palau in the W. Carolit WaV ^ ^ R • 

Marianas, and Saipan; and^he DOr ' h ' ' 

ported from Borneo and New 5 ^ dS ’ Thc " " » 
Reef off North East A us trail ^ ° n the » 
more serious. As I r Sltaa } ioa bec;,„„ 

quarter of the 1,000-mile-lone reefT’ * “ repor,nl "• 
reefs spells economic disaster f f D has vani shed. . , 

depend on the reeTs for thel . ^ islands > *<«•• 

Ihe reefs contain the lagoons C ° Dom y and wa y of In, 
the chief source of pr S ”7” J* feh ’ Whid ' ' 
readily adjust to an ocean exist CaUght ‘ La 8°on fish 
reduce the local populations t *'' Acanthaste r plan, i 
and break up *£?££? £ 3 te of Protein <f,„. , 

them away altogether. Such is the bal’ * ” d ° CS ' 
for one species spells bust for another ® ° f Da ' Un ' ' 

CROWN OF THORNS 

pi ™<7o P ZZZ P ^ . 

Sdy goTmg^er 7 a U eT D ™ ^ 

-a but and visit.., , 

was that shell collectors had ovLn ffld ' Theu ’ first 

shell, principal predator cAw?" 6 CoUection of the hi, 
shells seem to be pSsenMn th ^ ° f Thorns ’ bl " 
cannot cope with the demand ' 

by blasting coral reefs in order to ml ^ WaS thal "" 
had provided a favourable ke milltar y mstallat.,,, 

breed in. But the Cro^ 'f ^ ,ronme,1 t for the you,,,. 

». *.«... 
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n w«ntl? Or has it just mutated, as a result of radia- 


reported, in December 1969, that ‘Larger food 
#*mim / is 1 1 were almost totally absent [in dead reefs] 
« -hi 1 1 rep-sea fish populations may be affected by this 
vn In the food and life chains.* He also notes: 
#iMnitions of organochlorines and other man-made pol- 
(ftiM* hnvc been increasing in the marine environment dur- 
f punt few decades. These pollutants might either have 
■bta«f*d planktonic predators, decreased the zooplanktonic 
#» 1 -n population, or reduced the reproductive capacity of 
## #*««,phinkters so that the zooplanktonic community can no 
M*#** expand rapidly enough to check the large influx of 
•warms of A . planci larvae during the spawning sea- 
rn Another hypothesis suggests that predators of the 
i *♦*» i. planci ( i.e. tritons) might accumulate organochlo- 

* •-» in tlieir tissues and that this might reduce the reproduo 
t aprtcity of the predators. Subsequent release from pre- 

* *i..« mi^ht lead to the current population explosions.* 

i lusher summed up his first report in these sombre words: 
tn»wcver, the population explosion is due to a basic 
». ■ i • In the life history of A . planci, control will probably 
» u possible.... There is a possibility that we are witness- 
g i ho Initial stages of the extinction of madreporian corals 
♦ ho Pacific.’ 


• M li disasters are by no means unheard-of, he points out: 
" geological records clearly indicate that large groups of 
!«nuU have become extinct within a relatively short time.’ 
i ho other hand, population explosions lead to population 
lirs. Perhaps Acanthaster planci will learn to control 
If Hither way, something funny has happened; man is 
I'nbly responsible; and the world has already got a lot less 
- <1 than it had, by an amount which will take centuries to 
i-hu-e. We must expect to see other ecological dramas of 
Kind in the next thirty years. 


i nr wed TIDES 

I hr sinister behavior of the sea-star is not unique, but has 
i mtllels in the poisonous ‘red tides’ which periodically 
mi lest off the coasts of California, Florida and elsewhere, 
i ‘lling millions of fish and sometimes killing human beings 
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the Egyptians could noftS rtfreT, "" "' 

a reddening ofThe sea Tt ^ 8 ™ 8 in thc " '• 
caused by the Wmle!* ® COaSt of Sou "' A.„-. 
name. ^ ° rgamsm wbicb gives ih, , 

1946 Rorida 11 Fi'rs^tb m ° St Serious outbreak n, , ■ 

iug June Se wa'er yeI]OW: ” v 1 I 

S«ty-mil e “ . . 1 

■ocloee, aSp? c r»2, m S? ** T 

ties were also wiped out ° S CIS ’ barnacles, oystcin .. 

died on the hook ^ ^ bait used h V (la 

the^eVwa?a^So^ presence &» trillions dl,,„i a 

Gymnodinium breve. TheT retTf^, 6 ’ a dinofla 8 e,, nl'’ n 
coasts of Peru and Califnm- t l^ es a so “anifesl ..n 
dinoflagellate '« 

only a thousandth of an inch ppm ^ es f mimjte ck ... 
spot’. Normally they “e prL n rn’t^ COntain * 
sand in a gallon ofwate/wT 1 &e tMe of a Uw "• 
explode to a quarter of a hiTr” ^ Urge Seizes ,hn " 
spots give the water its reddish «£ ^ "" ' 

one in that*ami hJd “ra °L *1932^1^^° P " '' 

STiSTiSrsS SS £g™?ssr»> 

S m r a ;Vt h he u f i not ? ^ " 

shellfish is prohibited in fhncp Sa e and gathering 

bee. to comae, S X " 

>nch fish by mistake is no * » To c “' 

lio. of a woman who dU so -Ik, ,T* 8V “ *. 

be.pie.sly pamlyae,-^.."^^^ - 
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Mil or stand when lifted to the floor. She was 
to apeak for numbness about the face and 
tlolrntly sick but unable to vomit; had a severe 
htickache and extreme dizziness.’ The cause of 
rMi nml disagreeable symptoms is a nerve-poison 
mtlax produces—a poison as deadly as botulinus 
[ hi iimn of which would suffice to kill everyone in 
it full Iy distributed. 

nbvloui that a population explosion of toxic 
R*i»>* which was not self-limiting could kill all the 
*«**. not to mention quite a few people, and deal a 
►.♦•mimic blow to large numbers of fishermen all 
1» i*in Id. It is therefore sobering to reflect that we 
j| m * dm slightest idea what causes it to proliferate, or 
I «m . ttiully limits it. 

mmIimim thing about dinoflagellates is that they are 
(jp* 5 1 . ♦ hoosy about certain heavy metals. There are 
|§t« •* vwicties of dinoflagellate, many of them harmless. 
%# »*k. depending upon which one you are talking about, 
m! #lnc, copper, iron, magnesium and cobalt, and are 
3«v *nI v I ussy about just how much. An alteration of only 
i-.i |H' r million may be enough to determine whether 
« * i'mhIucc or not. (They’re also fussy about other 
r Mine insist upon being battered by waves, and refuse 
in Ihc calm water of a laboratory tank, which ensures 
• i from scientists.) 

* Im'hI guess, at present, is that they proliferate when the 

• cobalt is just right. It has recently been recognized 

• ir are areas on land where cobalt is absent, and cattle 
« * »iml die when kept on them. Traces of this metal are 

■ I lo build the enzymes which regulate their life proc- 
N H. Hutner and John J. A. MacLaughlin of the 
« Iiia Laboratories, who know more about these 

• id-llntes than most people, wonder if there may be 
i deserts in the sea, as there are on land. If so, man’s 
nf discharging waste products blithely into the oceans 

oiio day raise cobalt to the level preferred by these tiny 
’Much, and cause a worldwide dinoflagellate population 
linn. The function of cobalt is to form part of Vitamin 
which dinoflagellates thrive on: alas, we have no way 
insuring the amounts of B-12 present in salt water. 

■ • •• in fresh water, we are reduced to watching how Em- 
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cute’^Z UniC f 1Iular creature known as iho Jj 

pS^ndT’ f a baSiS f ° r *““«* .. 

ZT ^ Eug ! ena won,t live in salt war.. ) a.. IM 
esfro y them with copper sulphate or othe, , ..,.9 

d^Knd eC ° n0nllCaIly imp0rtant upon *fc9 

Optimistically, Hutner and MacLaughlin aNn 
we could create nutritious tides of the non-toxic v.hS 
dmoflageUate, and thus bring into being ,! 

which fish would flourish. At the moment, our 
gnorance makes it even chances which of ih,~.„ , u 9 
may brrng about. We might even do both in win I. 
mass of dead fish would be even more disagreeable.' | 

ofessor Paul Ehrlich, Professor of Biology „t ’„uM 

™ the red tides ^ basis of a speculative -1 . M 

possible eco-catastrophe. In his story ‘Eco-C, cm. .„.!!! 
red tides cause a failure of the world’s fish old.,', M 
permanent change in the climate reduces agrtuhnu 9 
. uppbes, and finally a super-pesticide which slavs „H ,J 

erating the final catastrophe ’ *"** faC '° r H 

THE FINITE SINK 

gases and irritants, detergents pesticide h ™ Cal w '" u " 

22j!£ £rs Hv* —^ 

stances to the sea Tn the - . a miI,10n different unit 

idea what their effect is as it has” 1 ^ 0 ^ ° f cases ’ we h,1Vr "" 
ucu cueci is, as it has never been investigated 

motor-vetddeT 
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fMtmhnr, is now present in the Pacific—an area 
<ltn*o in which cars are mostly used—at about 
j|||» imhinil level, and comparable figures are being 
i (!**<»i many other sources. These levels have been 
lUtti i* letra-ethyl lead was first introduced 45 years 
_) ittd <»( Ihe century they may have doubled. 

highly poisonous substance mercury is reaching 
nvi-i Increasing quantities. About half the world’s 
dttHlnn reaches the oceans. Already the coastal 
the Hit I tic Sea are polluted by it, and it is accumu- 
| Hi* h*li to the point where they are uneatable. Here 
ft!* in draw attention to the way we are changing the 
jUtHt nl the shallower parts of the sea—the parts 
t of the fish live. And more than half the world’s 
depends solely on fish for a supply of essential 


|Mm, such as DDT and dieldrin, are accumulating in 
mo various curious by-products of industry, whose 
IOUmi are mysterious to all but the initiated—to take 
lHugh' example, the polychlorinated biphenyls. 

I AO points out that the combined effect of the 
m toxic substances working together may be far more 
fwl than tests of each one by itself would suggest. The 
aHnnn could be serious, as I shall now show. 

Addition to the invisible pollutants, there is so much 
KMtr.l vUible junk that Thor Heyerdahl, during his recent 
to Nail from Europe to America on a raft made of 
mm mm plained that he and his companions could not fill 
m tiioihmugs from the ocean, when they were hundreds of 
Bp from the American coast, because of the filthy condi- 
mm h! the water. 

t*. Imological prophets tell us that well before the end of 
HHttury, the sea bed will be mined for ores, oil and other 
SpUticcs. Such factories will then be well placed to dis- 
■pj* their effluents directly into the ocean, instead of 
to dilute them by river transport as now, a most 
tUftdent arrangement. 

An even more serious threat may be that offered by 
fplio active wastes. Already it is the case that radio-activity 
lie detected in any fifty-gallon sample of sea water taken 
am* where in the world. E. D. Goldberg told the AAAS 
pMling in 1968: ‘Radio-active substances are found in all 
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oceans and all organisms in the marine bioaph.., M 
United States Atomic Energy Commission has 

[° W ' e t V , el wastes with cement in 18-gauge steel <lm., 
more than cans) and dropping them in the Atlantic i J 

Spam complained of such dumping taking pi,.. 

miles from the Spanish and Portuguese coastline, il.r I 
more economically, run a pipeline a mere two mil, . a] 
sea and claim that it is safe to discharge up to KNI.ihn. M 
a month by this means. (As I argue in a later chant. . J 

reassurances are based on wholly unrealistic . . " 

The US Atomic Energy Commission justifies . .. . 4 

deep ocean water on the grounds that there is Iml, J 
mKmg of the deeper water with the shallower w,„. „ 

which fish, crustaceans and plankton live. Our knowl. .. 
ocean movements is far too slight and based on J 
* a P ® n ° d , of investigation to justify claiming d... 4 
W1 “ tidce P Iace “ a century or more. In . 
Sf ’ r What unforeseeable natural , 1 , , , 

f 1 u CCUr? u A arge meteorite might land in the 
“®! ° S , haV ® 1111 the earth often enough before; ... 1 ■ 
comet exploded over Siberia with such force that i( hi. „ 
every tree for 50 miles and the shock was regL . , 
seismographs aU round the world. Or again, underwa.,, 

heTr^rfT'.^ apart fr ° m such infrequen. , 

the Lament Geological Observatory has very reccmly 

nounced, on the basis of a recent voyage by its 
vessel, that much more mixing does occur in the ocean .1, 
was formerly thought. 

milL ad< V°i he C T edy ’ is now seri ously proposed 11 . 

nmg and other industrial operations shall be undertake. , . 
the ocean bed where the effluents and ‘tailings’ c ... 
pumped directly into the sea. Among other thing!, the'., 
rich supplies of manganese there, and as we progress,,. 

haveTo ° f ^ ° U and DatUral gas ’^‘ '' 

have to look ever more mtensively beneath the sea for 

mav t S ; Part i! r0m a the faCt th3t the underwater wo.k, 

Trafflo a T rad , iati ° n 38 " rCSUlt ° f our casual a.i.n, 
to radio- act ive waste disposal, the heat developed in mix. 

WI r arm thC circum jacent water which will U„ 
rise an d ensure the mixing of deep and surface waters 

water" fh° 'V*™, T" 8 ** ab ° Ut sidewa y* movements of it, 
water, though we do know that deep ocean currents, mov,„ 
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MmhIv, return the water carried in a contrary direction 
Him' currents like the Gulf Stream, the Peru Current, 
* mi ill Atlantic Drift, the West Wind drift, the Equatorial 
HU* and so on. This no doubt explains the astonishing 
mb- publicized fact that some of the steel drums contain- 
jta iMMki-fi test tubes and other laboratory junk dumped in 
| AiUntie by the AEC were later trawled up by startled 
mmm'ii off the coast of Oregon I By what route they had 
pitied from the Atlantic to the Pacific remains a nagging 
Snif fy, 

4* It this were not enough, in 1969 a rather thorough 
in tide by Dr V. T. Bowen of Woods Hole Ocean- 
b'|.ttU Institute showed that radionuclides falling from the 
sphere after nuclear explosions penetrate the ocean 
‘much faster than had been predicted’, at least in 
fe Ninth Atlantic. 

M«*|gr r Revelle (formerly the director of the Scripps Insti- 
*i. nf Oceanography) and M. B. Schaeffer claim that no 
fc*4 ilittn 1,000 tons of fission products could be deposited in 
.In p oceans ‘without serious danger’—though they do not 
m how much danger they regard as unserious—provided 

* *i ihe radio-active material remains on the sea bed for 300 

They feel that we can bank on it staying down there 
- long, as they believe that it takes 1,000 years for the 

* -I* water in the Pacific to be replaced completely and 500 

o« lor that in the Atlantic. However, I note that these 
... dinting figures are arrived at by calculating the rate of 
•**«fm:c evaporation; they do not allow for any mixing by 
• mal means. 

1 he radio-active wastes accumulated by the year 2000 
H. of course, greatly exceed 1,000 tons. (In the Pacific a 

• »e half-ton released in a nuclear test caused marginal 
..hlcms over one million square miles.) Even if there is no 
•V to man, it is obvious that there will be a risk of 

• •logical damage: indeed Revelle and Schaeffer admit that 
••uch of the radio-activity which they claim would not 

"I vc ‘serious danger’ would enter food-chains. 

It is often forgotten that, in addition to plankton, Crustacea 
-••I fish, the ocean supports seaweeds, some of which are of 
hist rial importance. The agar jelly which scientists use to 
pport bacterial cultures is derived from seaweed: if it were 
ulio-active it would be useless. Strangely enough, it turns 
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out that sodium aleinate t 

Purge strontium-90 from human and™" 1 - “TT* 1, 

leaving the calcium in place It 7 f?™ 31 . . . . . 

result of peacetime ' * Wou d be ironiml if 

destroyed^ro^t^fS ^. . 

fall-out from nuclear wfaponfe^ T" Lves . 

suppose that the kelp miC be r — “ W3r ' N '" «" 

absorption of radio-activity For fte'kebfo S '7' V ’ 

of California have been df . P fores,s 0,1 
century as a result of ° dege, J eratag a qua,,., 

urchins, which feed on kelp °Th eXplosion . . * 

"I*™™, tbmeh „ 2™to, ae .. 

outfalls. The working J- r : l 11 1S not due t<> 
tures are still mysterious Thm‘hS d mater ‘ a,S ' 
Pacific two years after ct n • " 0t c ams were found i, 

was due to cobah 60 T u their . . 

explosions Th?^tfor^ fl r S 7 Ce DOt produ «‘< - 

unexplained transformatlon which gave rise to . 

lo^fte^~^ ^ shown . 

the development of If - 2 microcuries) seriously - 
developmental errors Tolvk Var '° US SpedeS of fishcs . ' 

implications:^Triher coZ° V DO bones »« . ' 

missible.’ h contamination of sea water . 

wo " ld “ ’" ite . .-• 

pollutant: fuel oil. h ® ,mmed iately aim,,... 


WHIFF OF OIL 

oPthfZTerio^is CMcem1d D with Creta |7 ■** ** Depar " 

that the worldwide spillage of 7°“’ ^ Calc "' 

rigs amounts to about a mill- from ships, tankers am 
have to add anoCiE?? I °“ * year ' But *> 
million tons of ° f WaS ‘ e motor «"• 

eventually deposited in the 7 eva P orat ed and whirl 
ed solvents, J££f miTZ-J?” * amm t0ns of a - 
all. Oil is, in some wavs fc ° f this P°Mutan, 

million pollutants we put m 7° damaging of al ‘ the I 
surface Ld is not dilumd “ 7 ^ * floats on 

«,, r r 
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K|H«4 from the sea below it, rendering the area 
■P*mh!,i. tars, of course, are even more persistent. 

Kjl oil In a complex mixture of products. The aromatic 
H^hImiii* are known to be acute poisons for man as well 
|0 til oilier organisms. It was one of the tragedies of the 
■jfe I imvon oil-spill disaster that the detergents used by 
rifNUli lo disperse the oil had been dissolved in low- 
■I point aromatics — which multiplied the damage to 
Hijpt i i allures. The group of hydrocarbons which have low 
|h tints have until recently been regarded as harmless 
^ if* hum Inc environment. But it has now been demonstrat- 
llfrfti IlirNc hydrocarbons, even at low concentrations, pro- 
f * sthesia and narcosis, and at greater concentration 
01 ilftMingc and death, in a wide variety of lower animals, 
mi Mutt they may be especially damaging to larval and other 
forms of marine life. 

lifts Iilumer, a senior scientist at the Woods Hole Oceano- 
. Institution, believes that the long-term effects of low 
*m*hI rations of oil may be even more damaging and long- 
ittag Ilian the obvious short-term ones. Many predatory fish 

• • ilmlr prey by their sense of smell, while others escape 
!•* Uiors by the same means; migratory fish certainly home 

■* fantastically delicate analysis of the smell of a particular 
h of water. The amounts of substances detected by olfac- 
, means are incredibly small, a few parts per billion of 
•n The presence of oil and its associated aromatic frac- 
<«4 completely masks such smells—a thing as serious for 

• flah as being blinded would be to a man. The fish may 

• * ho misled by false cues. ‘This*, says Blumer, ‘may have a 
-nous effect on the survival of any marine species and on 
>*iy other species to which it is tied by the food chain.* 
hilhcrmore, we know little about the effect of oil on the 
* hi res which inhabit the sea bottom. In the ordinary way, 
links very slowly, but the use of chalk to sink oil spills is 

•hi regarded as better than using detergents. We do not 
•w whether the oil stays where it is sunk, but we do know 
♦i it will continue to exist for a long time before bacteria 

• »Hy consume it. As man exhausts landward oil supplies, he 
II i urn increasingly to under-sea sources, so that leaks (like 
<i which caused disaster at Santa Barbara and which con- 

•mes to flow) will become steadily commoner. Comments 
iiluiuer: ‘If we do not take care of the present biological 
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resources in the sea, we may do irreversible d 
marine organisms, to the marine fnn,! u " 
eventually destroy the yield and ] 

we hope to recover from the sea.’ 

Blumer’s complaint was sparked by a cruise of it 

were so encrusted with oil that they had to be chTn,' 

this n feason en it’ w * S ° metimeS tows had to be cm 1 

ms reason. It was estimated that there was thr.-r . 

m The* 31 aS , th fi ere W3S Sargasso weed in the nets. 

16^0 !“ ! ? USCd t0 disperse oiI s PiUs only 1 

and Inable oat 0 ' 6 T*” 68 ’ S “ Ce the y wet *hci. 3 

ana enable oil to penetrate them. Winkles hav* 

” e d Ch f T“ f ° r escaping danger, which is to relax l " 1 

pSHS- 1 

further downhill. ‘Most of Z. 
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«i#»*plv no longer there,’ he says. The few large plants 
i m»iiI d be seen ‘were dry, blackened and obviously 

M.# effect on sea birds is too well known to need de- 
r And as Lt.-Col. C. L. Boyle has said: ‘The chances 
ff * MH'lmiidy-oiled bird making a complete recovery are still 
* The birds brought to the Slimbridge Bird Sanctuary 
ih» lorrey Canyon incident died of enteritis, stress and 
11 ^*. MiHity conditions, and many developed acute arthritis. 

I' Mli flic opening up of a north-west passage to the north 
nf Alaska, where a huge new oilfield has been found, 
p ImiiM some of the ecologically most serious spills of the 
(till f y years will be in this area. It is substantially closed 
i I ) Inlands —it has even been argued by the Canadians that 
I diMiild be regarded as inland territorial water. Spills will 
• fclnrc be unable to disperse and will necessarily drift 
»#« until on islands and peninsulas, which are among the few 
n i * untouched habitats remaining on the planet. Already, 
; uitf the exploratory voyages in 1969, two vessels have 
4 * rushed in the ice and oil has been spilled. 

i*i theory, a system of control of oil pollution exists. The 
national Convention for the Prevention of the Pollution 

* the Sea by Oil, set up in 1954 and amended in 1962, 
inpts this. The body which administers the convention is 
Inter-Governmental Maritime Consultative Organization 

• I In 1969 it held conferences aimed at making control less 
ih etive: it urged governments to impose stiffer penalties 
i tuke other steps to reduce oil pollution. But governments 

nIow to fetter the freedom of oil companies, as everyone 

♦ wn, and pollution is increasing rather than declining. 

When the FAO discussed ocean pollution early in 1969, Dr 
•lury I. Holt, of the FAO staff, sadly observed: ‘Pollutants 
■ Increasing almost faster than our ability to get informa- 
*u on them.’ So alarming was the situation revealed at this 
•nli-rence that the FAO has summoned another, more tech- 

> 1 , meeting at which experts will pool their information as 
lhe effects of marine pollution on living resources and on 
i»*w to deal with the situation. The meeting is called for 
Member 1970 and a hoped-for result is the establishment 
i i world monitoring system to spot pollution as it occurs 

• ml to give more precision to the scope of the problem. 

As Dr Jack Pearce, a marine biologist from the Stony 
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Brook Marine Laboratory on Long Island, put it ] 

cannot solve the problem.... It’s time to introducv , I 
tive element—to speak out and say we need control . 

OXYGEN CRISIS 

The late Dr Lloyd Berkner was a scientist of unusually t.. 4 

terref ,'° nS - Fr ° m bei " g 3 radar “g^er he . . . 3 

terrestrial magnetism and so to geophysics. He was to. „ . !j 

aid ™” « f ‘ he President’s Scientific Advisory .. 

and also of the International Scientific Steering ... 

Ind, M aWardS 3nd honorar y de grees from Britain. s«. k 
,d “ “J COUntneS round tfa e world. At the time of h.. ... J 
h, q t J C J aS president of ^e Graduate Research ( , 

star, a scar ! St ^ the S0It of man ’ one can be . 
start a scare story for reasons of self-advertisement. 

Yet m 1966, a few months before his death he w„„, . 

totoe flJtl P t ° pula,ion Reference Bureau drawing an,... 
from the i r ‘he world’s supply of oxygen comes I,,., 
from the diatoms, the small free-floating plants which 1 
he urn food of «. Earth* ox y 8 f«' volt1 „ 
m 20° 0 years if not replenished by the photosymi 
SuSs fro P,an K tS ~' hat is ’ ^ process by which they ...... 

reaction no Caf 5°u ° XidC and water “ tbe atmosph. ,, 

have snlit f y T hght ’ giving off ox ygen which ... 

have split from the carbon dioxide. Seventy per cent „i „ 

tton ‘Buf f C ° meS fr ° m diat ° mS ’ the rest from land vc„, 
tion. But if our pesticides should be reducing our sup..!, 

Dointed 8 0r f forang evolution of less productive mutan.s , 

fThe ftar U ’ We find ourselves running out of ox , ,. 

fish are toS T -fr ’ 8 ’ n0t mine) Since we know . 1 , 
fish are loaded with pesticides, it is absolutely certain that u 

diatoms are also, for this is how they get into the fish. 

out th!i i r t K- Sa a bSOrbed this Shatterin g notion, it was poi,.„ 

and a littl 1 C 1 ? CS i are effective at destr °y in 8 phytoplm.ki,. 
and a little calculation suggested that it would take u 

shipwreck of only three tankers the size of the Jo ^ 

yon containing herbicide to produce a catastrophe >1 u 

At T em ’ t0 be Sure ’ We do not move^herbk 
around the worid on such a large scale, though rather h„, 

Se Bv tolVd f3 f C L been SCnt *° Vi6tnam t0 defolia, ‘- "• 

jungle. By the end of the century, when desperate attempt. 
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pip* world’s food needs may be in train, the transport of 
pi M‘»nutities of herbicides may not be so unusual, while in 
■ »»•« of war, both the motive to transport herbicides and 
|| to sink tankers would be operative. 

M «‘*t»vcr, it was not the risk of herbicidal action but of 
ipH' i.ii'n like DDT to which Berkner pointed. Just two years 
^ h* rk tier’s death, Charles Wurster, Jr., of State University 
m tifw York at Stony Brook, demonstrated that DDT does in 
|M Impede the photosynthesis of plankton. And in spring 
marine biologists meeting in Edinburgh reported omi- 
N*lv I hut the numbers of a dozen species of plankton in the 
yt»*Hh have been declining for the last twenty years. 

are destroying oxygen today in far larger quantities 
- ih ihn world has ever seen. Every motor vehicle consumes 
So do motorboats and snowmobiles. Every aircraft 
still larger quantities: a 707 jet bums 35 tons of 
e » n every time it crosses the Atlantic, and there are 3,000 
• In I he air, around the world, at any one time. That’s 
■»i Ih million tons of oxygen lost a year—and air travel is 
>*t in I to grow steadily: the new 747’s consume about half 
Miurh again. The oxygen demand of aircraft is expected to 
* len times by ad 2000. In addition, of course, every 

• imy furnace consumes oxygen, as does every burning 
I* dump and forest fire. The natural cycles of the eco- 

itrtic were evolved to cope with the oxygen demands of 
and animals—not with burdens like these. 

At the same time we are cutting down the forests which 
.« -vide most of the landward oxygen and replacing them 
nil grass and cereals which provide far less, or asphalting 
i concreting over the land surface so that it provides none. 
i*» reckoned that the United States now produces only 60 
i cent of the oxygen which it consumes—for Britain the 
jure must be far lower—and relies on oxygen created 
rely in the Pacific by plankton for replenishment. In cities, 
excess of consumption over production of oxygen is so 

• iked that lowered oxygen levels can actually be demon- 

• ifed. In Los Angeles, for instance, oxygen is permanently 
-'••nit 6 per cent below the level in the surrounding country. 
M'ni’t from longer-term effects, this already puts a strain on 

i mis and anyone else suffering from respiratory defects and 
i •• is the load on shaky hearts which may be near their 
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r^V imitS ' . In ° ther “ dustria !ized . . 11 

Japan, the position is similar. 

.. Dr [] lovelock, a British advisor to the Null. J 
ics and Space Administration, calculates il,„i n„ \ 
fos U fuel-co a i and oil-already absorbs n , 

lTl pro , ductlon of oxygen - At .. M 

growth rate, he says, ‘in three or four d. ml. ! 
burnmg may be the major sink of oxygen u . 
certain that the ecosystem will maintain a slim, 

S ‘a"; “ ‘n ^ ° f S ° krge 3 P ertu rbali(Mi v„ M 
the warning, Oxygen is only one of several aim.. , 

ponents similarly affected by industrial activity 

tn 15? wu ° Xygen S ° mUch for g^ted, that w, . J 

tn that it exists only because of a slight mum. , ■ 
amotmtereated by plants and the amount® J, j 

ton processes such as the formation of carbon . .. 1 

ther oxides. Francis Johnson calculates this , 1 m. , .1 

the hala y ° ne M art “ 10 ’ 000: thus a Wfl'ng . .. 

the balance could mean disaster. 

He makes an additional point: ‘A few nm.„ 

“ Sl c “ di,ions “ d * f “ i 

peat is formmg, are presumably the key-areas to, ,. 
jng our oxygen replenishment on a long-term I, 

®.led area, are a, ,.as. as au,cap,ib"f„. " 
he opaa „ ls , matter of i ,„ po „„ ce P , o 

to recognize and preserve these areas ’ 

By the year 2000, with trebled or quadrupled ... 
air traffic, and rather extensive deforestation ? the s , i" 

dTmaTeTo y nTan C k°t Uld ? ^ “ «*se ^ 

the air would steadily tHemoved,'* ZT "there TV ' 
biological processes which would combine it with tf„ 

ma n rsh aS gaT 0 w 8 h e Se 0Xid r ° F ”*** *” d 

tend to ock uZntjlS. 

water by light energy th P olysis the dls ™pho„ 

f">* LSph”^^;,^^ 1 . 

- which «tz nr.; 
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* ‘..M l»r Impossible except via the aeon-long pro- 
- t.i u hit* originated. 

mi instance of the fact, so little realized, that 
** Mu environment it needs. Hence, any man-made 
| Im environment must automatically be, in some 
*f*vnuntblc to life. It is a truth to which I shall 
mmiI again. 

«=* « paper, which was entitled ‘Truth and Conse¬ 
nt n New Era’, stressed that he only cited this 
** «*» ‘simply one of many examples of how increasing 
ffems might so pollute our economy that we would be 
M in i« sharp halt.’ He continued by pointing out that 
fbti *i tempts to grow food might be brought to a sudden 
|e lhey would cause such ecological damage as to 
very process they were intended to expand. With 
mi i of the problem I shall deal in another chapter. 
bi« lot me cite only Berkner’s conclusion, that people 
i •hunge their ancient habits and beliefs unless they 
I #d by an irresistible force. ‘I just fear that the only 
t II ho hunger, disease, brutality and death. And when 
g» miives, the ultimate catastrophe is upon us.’ 
h ' Ml, the basic significance of what we loosely call 

« .. iN not that it affects human health or looks terri- 

M»portant as these aspects are; it is that it imposes 
mu on the delicate system of balances which we have 
«ploring—that is, on the entire set of planetary eco- 
• which we can call, for short, the ecosphere. 

- l he pollution problem about which Berkner tried to 
in deserves quite detailed treatment, especially since 
.! new types of contamination are beginning to become 
i hie and will unquestionably emerge as serious prob- 
t»« lore the end of the century. But I warn you it is a 
• ••i story. 














■ " Now Look in Pollutants 


m v fluffy fibres of asbestos look innocent enough, 
§ m * nimble them in your hand. Asbestos is the stuff you 

* *» ill* litre fire-curtains of, and pads you can place your 
fan m when ironing. However, it is around us in myriad 

v Inmilating heating pipes, packing soundproof walls, 
mi filters in the making of beer, medicines and fruit- 

* t In conveyor belting and safety clothing, and a million 

l'luces. It is sprayed on electrical equipment, used as 
i. and embodied in floor-tiles. (In fact, floor-tile mak- 
>< ihe second largest users of this mineral.) And, above 

* i forms the brake-linings of cars. Every train, car, plane, 

missile, tank, tractor and truck contains asbestos some- 
ln its construction. World consumption, which in 1910 
# 10,000 tons, is now 4 million tons and rising. The USA 
r Imports nearly a million tons, 
nevertheless asbestos turns out to constitute a deadly 
« »f to man. The story is worth telling in some detail 
li hi mo it illustrates in an unusually clear manner our amaz- 
iin willingness to take action until tragic and extensive 

* mu has been wrought. 

Asbestos was first mined commercially near Quebec, as 
■ • nfly as 1789. In 1890 an asbestos weaving mill was 
i.'blished near Calvados in Normandy: fifty of the employ- 
died during the first five years of operation. But before 
I act came to light, a doctor in Charing Cross Hospital, 

* • union. Dr H. Montague Murray, observed the connection 
i ween exposure to asbestos and lung disease. He performed 
post -mortem on a man who had died at 33, after working 

in I he carding room of an asbestos-cloth making factory. 
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There had been ten men in the carding room: the . 
were already dead. 

Neither Murray nor Auribault, the French f m ! • • i* 
tor who reported on the Calvados experience, i. »t » 
massive significance of what they had found. It w » » *. < 

1924 that asbestosis was distinguished from pmum.- 
when Dr W. E. Cooke performed a post-moil* *.< *J 
33-year-old woman who had developed signs ol limg • ■ 4m 
after 13 years* exposure, having started work at M 

Now people started to investigate asbestos wmt • m 
earnest, among them Dr E. R. A. Mereweathcr, •» * 
inspector for the Home Office, who found that moi< 1 
per cent of the 363 men and women he examined «» 
signs of the disease. He also noticed that the Ion get ih M 
had been at this work, the more severe the symptom* m 
In 1931, asbestosis was at last recognized by Parliament <4 
industrial disease, for which compensation would I*. , 

But the story has several chapters yet. 

When new drugs were introduced which cut the d« .<i. t 
from infectious diseases, the victims of asbestosis mm h 
longer—but developed cancerl Though this was n|x»h* h 
1935, it was not until 1949 that Dr Mereweathcr, wh. « 
now become Chief Inspector of Factories, felt u h 
publish the review of data, from 1924 to 1946, which h. 
made. His figures showed that about 13 per cent ol i» .i 
workers died of lung cancer, when the rate in the gn. 
population was only 1 per cent. But, as the cigarette m 
facturers so often remind us, an association does not id¬ 
ealise and effect, and Mereweather, anxious not to rm \ 
boat, did not even formally claim an association. It wi» 
until 1955 that the leading British medical statistician, < 
Richard Doll, published a study, based on 113 consent' 
autopsies, which really convinced everyone that asl - 
caused cancer. He showed that men who had worked m 
than 20 years in asbestos factories were eleven times as Id 
to get lung cancer as the rest of the population. 

That was 15 years ago, and the story does not stop lit. •• 
The scene now moves to South Africa, where a pat holt» ( • 
called J. Christopher Wagner found himself diagnosing . 
fewer than sixteen cases of a cancer so rare that nm 
doctors meet it but once in a lifetime. Mesothelioma, as u 
known, is a cancer of the membrane which surrounds il. 
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pl.urn, or that which lines the body cavity, the 
(##l None of the victims had ever worked in the 
, liy, but the first one examined h ^d ‘asbestos 
l,u lungs. Checking on the others revealed that ten 
„„ rrom »n asbestos-mining district. Then Wagner got 
I*.Il* mm patient who was the son of a mine manager 
i„„| played on the asbestos dumps as a child. A 
.U,,him hunt was launched and turned up eighty-nine 
.11 , nine from the dusty asbestos-mining area. One, a 
was bom in this area but left it at the age of 
M-l. d that as a child she had enjoyed sliding down the 
« dumps with her school friends. Two of these had 
til,',! of mesothelioma. Another patient had be 
...I only up to the age of weaning, but developed the 


API A POLLUTANT 

.. « completely new complexion on the matter: from 

, occupational disease, it now emerged that the entire 
public were at risk. Asbestos was a pollutant. Fur- 
.., exposures much smaller than would cause asbes t°- 

• „old. nnd do, cause cancer. It had long been known t a 
. Ibres in the lungs may become coated with a yellow 

. .bstance. These ‘asbestos bodies’ are numerous m the 

,,l asbestos workers. Soon after this, another South 
pathologist, Professor J. G. Thompson, stunned the 

.I world by finding ‘asbestos bodies in the lungs of 

,.i„ who were not asbestos workers. No less than 26 per 
, ,,f 500 consecutive specimens from Cape Town which he 
..allied, bore them. Asbestos was now so prevalent in the 

. . that anyone could become affected, Thompson 

As he pointed out, the average car goes through 
„i lour sets of brake linings and a couple of clutch linings 
. n,o course of its life. To this can be added increasing use 
...bcslos in many other spheres; and the particles, once 

. . never dissolve or decay. Thompson predicted-and 

. who read this may see his prediction come tme—that 
,,tos lung cancer will before long rival lung cancer from 
,i cite smoking as a cause of death. 

• me might imagine that, at this point, some government. 
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tion. Or that asbestos manufacturers, who h .1 • 

to pursue the problem up to this point, mU’hi 
support intensive research. But no. 

A wave of studies all over Europe and Kim \ 14 

launched and confirmed and reconfirmed tin M 1 * 3 I 
nosis. Women who had washed the clothes id iut, 11 
miner husbands..., Women who had brushol d. 4 
down after work. ... A house-owner who hid . 

applied asbestos cement to the boiler in her I . 

who had helped his father saw up asbestos w it III- 
cheese-maker, whose 500-gallon vats were covn. > » 

asbestos.... All died of mesothelioma, the ono» .... 

This was the death-substance, a piece of fall out 1 • 
fiction. A powder so deadly that a saltspooidut 1 
you—after a lag of 20 years. 

Did governments now act? No. 

One of those who had become sucked into d 
quite as extraordinary as the threats from outu 1 
were becoming current fare on television, w. 1 * 
Selikoff, of Mount Sinai Hospital, New York. Ih 
unconvinced—until seventeen patients, all o! 
worked for an asbestos factory from 1940 until 11 
1954, came to him with lung trouble. Today, clc v, u 
are dead, all from asbestosis or cancers of on* 1 
another; several of those still alive show signs of . 
fibrosis. 

‘I was forced’, he says, ‘to the awful realization 
could happen to men who were occupationally < *i 
asbestos.’ He approached several manufacturers 1 
they refused to co-operate. He, with another do. • 
proached the US Public Health Service for funds !«m 
gation. Request denied. So he went to the Asbestos V 
Union, and brought in Dr Cuyler Hammond, a stair 0 - 
unimpeachable standing who had investigated the «ij 
lung-cancer question and the medical aftermath of Hi. 
shima and Nagasaki explosions. The figures the 11 mm. 
plied revealed that, of 632 men who had been in tin 
from 1942, 45 had died from cancer of the lung, pi* h. 
trachea (throat), where six or seven were to be exp. 
Twenty-nine died from intestinal cancers, nine or tm 
expected. Further studies, supported by the Health K* 
Council showed that those who smoked cigarettes irpii 
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L, -re likely to £**£ 

IE . . work in the asbestos ratio a 

m.i »• < ' xuct a l ar § er sam P 1968 Dr. Selikoff 

. .. L°Hor“fRiS- « 

!#■ . . of the S forward to perhaps 6,000 

pi m ‘we may erhaps 15,000 deaths from 

Wh . '""K cnncer and 1 f this s i n gie asbestos trade 

I * piwnl. among mer^e s ^ en> wh ile there is 

JpM l,,,i l,n ' on C - d th , s is not something you can 

KSZS2 ™ u* k - —* r “° e - 

i. 

ifr'f I Mbwtos on wounds 1 e imitation snow: 

•* <- holding. Asbestos is us ourse the easiest to 

T>.. . I-™ i, even given 

Asbestos powder mixed wi 

i . . — "TStT Sorbing “W 

tin. ore scores of heart p-iug, which f have 

, i,, io, and much research is book 

' , u> describe. One day someone^ I have 

, ii„, asbestos story, and l wi j am determined 

„ ...o this deep into the ta ke action in 

i.. -be point that we pra^Uy never taKe^ ^ ^ 

, We always believe the on Compen- 

wbon Dr Murray testified to a Com™ R said 

Industrial Disease, did it ca “ ble trouble is 

b. «is. generally speaking, tha the 

IsVrn to prevent the dmt, ^ ^ ^ 

. la not so likely to occur a soot hingly: ‘In the 

; .r ^v-e».ive me r „ 

„ i eduction in the mci en ^nanticipated Environmental 
at a Symposium Unanticipa^ # # 

ac,dly remarked ’ t prob iems with asbestos 

***** which foUow ’ briefer 
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w£r s i°^ .. J 

U... official JJZtdZ'"SS* ■ ■ 

thing you can bet on—asbestos f« " ,v 

from now on Five np £° ln £ to l»r i M n 

work, in affipbuMinf „ * US . ] 

cent drive cars or waHr * F COnstructlona * imlm** 
knows what l cl^ ? f eets where ^ 

wm '<* ««<o .»SS™ Son?'” .. . ' I 

DDT: THE STATE OF PLAY 

*TirS£ 3 "£"" * . I 

other form, S* "«*'"« . 

outspoken words that cfm n • lme s 11 v ' ' M 

ly nothing. H„ wM e Zf * ,u “ . I 

Now, seven years latpr th S attacke<J «» »». 

that the danger was a’real* “ Pre “ y 8encn ' 1 ' 
among them the USA and the°mr T* SeVeral 1 

the use of the orsannrhir. * . have takcT1 I* 

contains DDT is called 7?° ^ st | cides ’ as tflc - i 
imposed in order hZ “* ' 

nation was arriving on tt ° f the Dl)| 

how much was produced by Swedish me of^T "! . 

But there are indications that the DDT ? 
asbestos story, is a serial and *«f “ DDT s(o ' v ' *'» * 
still untold. However tough DDTm^f ^ Seve,; ' 1 '' 
mammals, says the netm-y-h • , may be for blrtls 

Med a ^t^’°r^TlZ d r ry - “ h ” “ 

show, added to which certainly untrue, i 

not lethal, may £ suSd! T ‘° hea,th - 

effect on fertility. se nous. Among , 

the^oirabu’ndam^S* f parent tha ‘ DDT has I,. 

fts; ddT:;:: 

P«i7 fro t e 

there. But a more recem l.n ° WD ° Ut ** P- 

sands of tons of DDT in Ant" S “ ggests that there air i|. 

or uui m Antarctic snow, which musi ,, 
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| * f*n mi Ilia nir. DDT was recently identified high in 
* Mmluulos and is found as high as 21,000 feet 

1 =*** Ml >1 persists in the body, any new intake is 
mu lop of the existing burden; hence a treatment 
no harm the first time it is used may cause 
i fc«HM If it is applied year after year. Persistence also 
41 p Min to undergo ‘biological concentration*. Thus 
HlliMi of Ihe ocean—the invisibly small organisms on 
felt i.ril — absorb one part per million, the fish that 
if** phinkton will slowly build up 10 ppm or more in 
ippMM If higger fish eat the small fish, this will concen- 
H| * fmllirr, and they will end up with 100 ppm or more 
F|r< iimuc*. If man now eats the predator fish, a further 
ipp lakes place, perhaps to 1,000 ppm—depending 

much fish he eats and whether there is DDT in other 
hi i l*U diet. Since for about half the world fish is almost 
| j§»iy tource of protein, this can be serious. Eskimos 
i l.iigrly on fish, as do the peoples of many Pacific 
H fUldng communities in North Borneo and so on. A 
tgm Much as plankton-fish-predator-man, is known as 
l i liain. Another food chain, which we shall meet in 
« mp*i t Impter, is algae—insects—birds—man. 
mi# the existence of biological magnification which makes 
ihhm .1 impossible to define a safe level of treatment of 
t * i»t trees. 

mMI persists in many unexpected places, for instance in 
■••(irtiiic detritus such as leaf-mould or the rich silt in 
moving rivers. In 1969, Charles Wurster and various 
■ Or* tried the experiment of feeding detritus containing 
■ * i * ivi of DDT to fiddler crabs. After only 10 days of this 
* ilic crabs’ behaviour became unco-ordinated and slug- 
K tiled, they proved to have trebled their DDT levels in 
*hort period. This doubtless explains why these crabs 
tidied 10 years ago from such areas as the Carmans River 
alftlirft. 

i ntomologists at the University of Maine, trying to find 
4 Imw long contamination persists after forests are sprayed 
Hi DDT, looked at the small creatures living in the north- 
•» Maine forests which had been sprayed for spruce bud- 
•i hi. r rhe areas they examined had been sprayed once only 
ilirr in the year 1958, or in 1960, 1963, 1964 or 1967. 
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TTiis enabled them to measure DDT levels m , 
of time after spraying. Shrews, which arc . 
therefore concentrate the DDT more, start. .1 , 3 
nearly 16 ppm which fell away to 1 PP „, alt. , 
However, the figure of 16 is an average; . * 

knol! tT 1 ’ rS “ Uttle as °' 25 PP"' . 

known to be a toxic level in birds, it is a v« , 

large number of shrews died and just weren't u. 
investigators to examine. They reckoned 
herbivores had got back to pre-treatment level, t. , 
of the period, the carnivores would take 15 v , ,,, , 

Uve ta » sev ' r * 1 .. • 

If this was what happened when a forest was . 
only, it is obvious that where areas are sprayed ■ 
many carnivores will rapidly become extinct and 
herbivores will be affected. 

int? • he I b0dy ’ 1 . it should be “Pained, DDT ten. N t., 
mto similar substances known as DDE and DIM> n.. 

emg known in scientific parlance as ‘DDT and it, . 
lites In general DDE is as undesirable as DDT w l„. 
s, at least m some cases, less toxic. In what follow- 

oftoDDE ^ the at the Site of lhr . . 

MW RaChe n CarS ° n ’ S day ft WaS fhouglat that Dl)| 
killed you, by interfering in some way with the I..... 

nerves, or it didn’t. Then it emerged that DDT was ,. . 
bird populations because it did something to then „t„, , 

manufacture shells for their eggs 6 

In the past 15 years there have been great . . 

collapses among many species of carnivorous birds „. . 

for instan^ 1 ^^ 0011 ' ^ “ a “ y 0therS have bec " <"'• 
of the b? there was an almost total failure of repr.,, 1 ,. 

e brown pelican m California in 1969. Their < 
caved in. M 1 

Examining birds’ eggs in museums for 50 years i. 
showed a pretty uniform thickness up to the late 1940 s 

DDE 1? .' UCtIOn - It u also turned out that the an.... 

UUE m the egg was beautifully correlated with tin, I 
but inversely; that is, the more DDE the thinner the \ 
As I write, comes the news that Lucille Stickel of il 
tuxent Wildlife Research Center, has been feeding °D I ) i 
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4 to mallards at 3 ppm. Not only were the 
I# » |*« t cent thinner than normal, but six times as 
fjgti w« ir cracked or broken, and fewer than half the 
mk number of ducklings survived. DDT and DDE were 
■ ttootA^ing, though DDD did not have this effect, 
pi* t In Might until quite recently that grain-eating birds 
j|t* alfrctcd, except perhaps where they were in the 
i-rtHny needs which had been predressed with dieldrin 
Hi. |m slicidcs. This conclusion was based on an experi- 
| liHh «|imil back in the 1950’s which had been fed as 
P •« /(H) ppm of DDT without apparent ill effect. Quail 
||| 9 « »M (he year round and so are not entirely compara- 
ffd< of her birds—in any case it has just emerged that 
W& ♦!»•' parents survive this dose all right, the offspring 

gctt*«(|y 1969 was quite a black year for DDT manufac- 
|§h h ii I no emerged that DDT reduced the reproductive 
m f lull, nt levels equivalent to 1 ppm, which is about the 
^ im il»o Coho salmon in the Great Lakes. Fed to brook 
if*, parents survived but the fry died from the DDT 
pptHMUlcd in the egg yolk. Everybody was congratulating 
that the attempt to restock Lake Erie was work- 
% *Im ii considerable mortality of these salmon was report- 
I #»».l sonic stocks were condemned as unsuitable for human 
Moptlon. Risebrough showed that fish in the Pacific are 
ring himilar levels of DDT, which suggests that, all over 
te v Mild, major marine fisheries may be nearing the point of 

i ho previous year, the newly-formed Environmental 
>«, • Association in the US filed suit against the Michigan 
iment of Agriculture to prevent a proposed application 
luldrin, and against numerous Michigan municipalities 
ii were still using DDT in an attempt to control Dutch 
tlIncase. While the MDA was ruled immune from suit, 
m lions were obtained against fifty-five municipalities. The 
ill gun Department of Natural Resources decided to take 
- *tu! ugainst DDT, which led to prohibition of its use in 
liiMan. A further attempt to sue the MDA led only to a 
f hearing. Finally two bodies, the Citizens’ Natural 
•hi ces Association and the Izaak Walton League, found a 
min to bring the issue squarely before a judicial forum, 
v requested the Department of Natural Resources in 
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IhfjtT’ WiS " t0 ruIe Whether or not °DT is , 

W WateFS ^ tbe UniqUe Wisconsin wa,! , , 

Backed by the EDA, and with the support of a * 

i^h^rT^ m ° re than 200 -en,l,,; , 

ducted a hassle which lasted almost six months , 

examin P f eCla , taSk / 0rce to fi g ht back. Some «,l n„ 
forr r at r S aSted three days - DDT, said one „i „. 
deSLed W tha e t S o S ’ ‘ COm P leteIy ha ™less’. Anoib,, 
Peonle whn ° PP ° Slt, ° n to °DT and pesticides . , , 

wouWn’tTJ, hT preOCCU P ied sexual 
wouldnt be a bad reason, actually, as I shall shortly . „ 

Others contented themselves with stressing how us, i„i „ 

*” * di °“ med 27 »' -. ■ 

While DDT is currently the central villain wc shoal i 

akSrin 0 theT’’^ 8 rep0rtS conce ™ng da l,,,.. . 

alarm, the ternble organophosphorus twins In l),u 

ZTi’^Tn ald ? were piaced - d -. i 

“ 2; A voluntary ban means that farmers . . 

had to US In 196? r dreSSiD8S UDleSS they real| y <• " 

Bad to. In 1965 they were banned absolutely |,„ 

F? rP ? CS ’ Cft vo,untar y for others. But in 1969 w ,ai 
the Monk’s Wood Field Station reported on tT ,V 
behaviour of badgers in Britain. They were seen h, 
mto w aHs as if blind. They squealed frequently as if a',' I 
and gnashed their jaws. Their muscular co-ordinali„„ 
poor: they shambled about as if drunk. They were ,„v , 

ZnUnto aDd '? Ped frantiCa " y at any li( l uid - Finally .1. 

went into convulsions and died. 

Complete^ healthy badgers don’t behave like that a, .. 

cotrr p ; cted /r etWng must be amiss - e®®**".-,,,. 

Z s l, 17 t0 46 PPm ° f dieIdrin 

liver, as well as up to 36 ppm of DDT derivaliv, , 

ta ~«d accidents earned a .... 

vo tl h 'or badgers; Ihe facK also suggested „ 
voluntary ban on the use of this delightful substance wa- „. 

cu?u? S Veiy WeU ' J hrCe m ° nths later the Ministry of Ay 

oAer veaT^r ’ ** V ° Iuntary » for 

other year. Dieldrm may not be used against carrot fly |,,„ 
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# » t nprayed on potatoes to control wireworm; a variety 
4 Ml** mikI seeds may be dipped in it. 

I < AND CANCER 

ttiichel Carson wrote, not much was known about the 

* i nf heavy loads of DDT in man. The classic case was 
*»■ nf n British laboratory worker who, in 1945 with the 
w - curiosity of a Haldane, soaked his hands in water 

« *« Inlng DDT for some minutes. Since nothing happened, 

* mi,, I kneading an inert dough, to which some DDT had 

milled, for a few minutes with his hands. The results 
- ilt-neribed by Sir Vincent Wigglesworth: 

* m one to ten days after, a feeling of heaviness and aching 
1 Hoped in all the limbs, with weakness in the legs. There was 

•i wlmt the subject described as ‘spasms of extreme nervous 
hImii’. There was some improvement during a holiday taken 
» (III* lime; but, on returning to work, the condition deteriorated 
i nome three weeks later the perpetual aching in the limbs 
hi lined the patient to bed. Sleep became almost impossible, the 
tiling of extreme nervous tension became more frequent and 

* ■late of acute mental anxiety developed. About six weeks 
li^ i being confined to bed involuntary muscular tremors oc- 
mred over the whole body. After 10-14 days the patient got 

♦♦I 1 , idthough the aching in his limbs was still severe. His re- 

* •very was very slow. He was away from work for 10 weeks in 
II, but even at the end of a year his recovery was not quite 

M'luplete. 


11 did not strike either the man himself or the neurologist 
•hn treated him that the DDT he’d handled might be the 

• •I’m of the trouble. 

Alter this report, no one felt much like repeating the 
*i « iiment. True, there was a spare-time gardener who col- 
P*icil and was found to have 23 ppm of DDT in his 
•»ly-fat, thanks to over-enthusiastic use of pesticide on his 
•Hr plot. And in 1959, a New Zealand doctor reported that 

• i obese patient of his had developed signs of DDT poison¬ 
'd’ after going on a slimming course. As he gradually worked 
<1 his fat, the DDT which had been sitting in it was left 

1 hind, concentrated in the remaining tissue. And at least one 
hllil died in convulsions from drinking some—one fluid 
•••nice of 5 per cent DDT, to be exact. 
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The impressions given by these and by animal . «, 

was of a substance which acted on the brain, all. 
higher motor centres, perhaps through the cerebellum l». 4 

we now know, does more: it stops the transmissi.. . . 

impulses. And the effect is irreversible. Confusion .1 i 

loss of memory, attacks of mania_these arc the - 

of mental disease. DDT, it is not too much to say, i mi a . 
you mad, permanently. 

But that is not all it can do. 

In 1957, it was shown, to the astonishment of ... , 

that DDT induces the formation of liver enzymes (-.< ■ i. . 

regulating bodily processes), and these enzymes regtil. . * 

sex hormones oestrogen, progesterone and testostenmr , 
gesterone is the key constituent of the contracepiivi ( 
Richard Welch of the Burroughs Welcome Co., who r <) 
this point, stumbled on an even more startling fact: Dm 
itself act like an active oestrogen. The reproductive i 
which this evokes in birds could, at suitable doses, he . i. j 
in man. DDT was thus not only a direct nerve poison 
had less obvious effects on fertility. 

And as if this were not enough, it is now pretty clem n 
DDT is a carcinogen, or cancer-producing substmn. 
early as 1947, a study made by the American Food and I > 
Administration showed that when DDT was fed to raK n 
suffered an increased rate of liver tumours, but the lln.i 
was quietly brushed under the carpet. At that time Dl > I 
the wonder-weapon against malaria and no one wanted 
hear an unkind word about it. Just twenty years lain 
American team came up with the news that trout re. h o 
DDT in their food displayed an unusual rate of 1 ivet ... 
mours. Two years later—once more 1969 emerges a . n, 
critical year—Hungarian scientists reported the resuli 
examining more than 1,000 mice, spread over five g. „ 
ations, all of whom had received 3 ppm of DDT in their d 
Nearly 29 per cent of these mice developed tumours, ag o.. 
fewer than 4 per cent of the mice on clean food. Mon o. 
the leukemia rate in the first group was five times that In il„ 
latter. By this time the prestigious National Cancer Instm 
had joined in the fun and, on the strength of a large- ., 
definitive study, reported quadrupled frequency of tumour •, 
liver, lungs and lymph-glands. The cancers were of the s.m, 
kind and at about the same frequency as those caused i 
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* carcinogens. The conclusion was inescapable: DDT 
i mcinogenic to mice. 

Mm! this does not prove that it is carcinogenic in man, said 
f« inveterate optimists. Well, you can’t feed DDT to volun- 
«nd see what happens, you can only examine people 

* * didn’t volunteer but ingested DDT anyway. So at Miami 

* u.isity School of Medicine, doctors made biopsies of 
*« mhhi beings who had died of cancer and compared these 
full biopsies from an assortment of people who had met 
4 m*!|i by accident. 

l be DDT levels in the former were twice as high as in the 
mi The accident victims carried some 10 ppm, which is 

* Huge for Americans; the cancer victims had 20-25 ppm. 
f course it was still possible to argue that cancer caused 

• ifnsed pesticide retention, and not that pesticides cause 
un it. It was just possible. But the optimists began to look 

* (idle wan. (The figures also showed links with hyperten- 
-m mid cirrhosis of the liver.) 

in October five pregnant or nursing American women, 

< ked by the Environment Defence Fund, petitioned the 
» mkI and Drug Administration to lower the limit of permis- 
blr DDT in human food to zero—for the law says that 
mum food may not contain carcinogens. That leaves the 
HiA holding the baby. Where does it leave the rest of us? 

Americans are not fit for human consumption, since they 
•vc rage over 10 ppm of DDT in their body fat, double the 
-mi mint permitted in food by the pure food laws. Nor is 
American mothers’ milk free to cross state lines (except, of 
nurse, in the original container) for similar reasons. The 
vedish ecologist G. Lofroth points out that people with 
•iii'li levels of DDT in their fat are actually consuming about 
Mr-tenth of what the UN agencies call ‘acceptable intake’. 
Mr concludes that the maximum acceptable intake should be 
m l unit one-twentieth of what is currently regarded as the 
11 unger level. 

The British are rather more edible than Americans, with 
nl unit 5 ppm of DDT, while the Swedes are little higher, 
mound 7. But in Israel the figure rises to 19 ppm, and in 
India to a terrifying 29 ppm. Since these are averages, it 
must be concluded that some Indians at least are carrying 50 
m 60 ppm of DDT, an amount which may well be lethal. It 
U sometimes asserted that no one has yet died from absorb- 
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untJ^T' S H Cfa fi 5 UrCS indicate that this is nlii,. , ... 

tv from nnr Ct before ,ong evide "<* .. ■ 

jj ° D ? T W ‘ 1 be P rovided . and at a g.ir , 

rare ZTdeT ^ since in '"«'■•. . 

““ ld “ c " " ,b “" *> — ■ . 

“TT a '?" 8h ,be w»“ .. 

hat breast-fed babies consume 70 per cent ala.v. ,, 

s”me Am.r’ b ? DT ^ **■ ^ b£, 
same, American babies quite a bit higher. 

n . the sl tuation becomes more horrifyini; it „ 

shown that British breast-fed 'babtes 3 consume a,T 

caT^ aboutThmT? ded T™* SinCe Western A,, .,. 

that the BriHst, a , CS ** am ° Unt of die,drin •" " 
at the British do, their babies may be getting thin, . 

the maximum thought desirable 8 8 " v ' 

SL Pn m7wwTvt”to ar lhods of re! ”'* ,ins 

STJ» Z ZZZZLLZZ. 

from his environment.^ eare ' “ he “ b! ° rbed more an '' " 
Ut us supplement these generalities with a few 
SIS ™ , °’“ *•>«'. fsons let us consider he Bal 

sJt ~ Sr, 

Baltic is now grossly polluted’. A survey of DDT lev, i 
creatures Published late in 1969 showed that one 
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ttjp h»m. It dm 56 ppm of DDT in its body fat. The DDT 
I* fMlIUnnot eggs were ten times those in the eggs of 
m f**!ll*nu>tN. The levels in seals were ten times those in 
I t*«U or Canadian seals. Worse still was the case of 
lulled eagle, now dying out. Of ten pairs in the 
■§4 »Ih< archipelago only two pairs succeeded in breeding 
[ f*-»* My way of experiment, DDT was fed to bald eagles 
■fife*} tiled: they proved to have 56 ppm of DDT in their 
I Mpim), Two dead white-tailed eagles which were recov- 
m - MiHinrd a staggering 190 and 230 ppm in their pector- 
( I** A seal was found with an even more staggering 

■ mmh They also contained mercury and a substance 
i • i < II, to which we shall come in a moment. 

Mottle is a shallow sea, the gateway to which is only 
if *•*■•»*• deep. Biological activity is low because tempera- 
*te low: much of it is iced over in winter. The water 
--9 Im Uv« is, mixing very little. The central parts are devoid 
I »Mg»*n and devoid of life. High levels of hydrogen sul- 
%*4* innko life doubly impossible. Thus the Baltic provides 
, ornllgm which other bodies of water are due to follow, 
fc • ^iy wonder if Lofroth asks despairingly: There is at 
M *i.» possibility of a human tragedy of global proportions 
Ming if our present practices continue unrestrained. 
^ « wo demand the evidence of catastrophe before we act?’ 

way of a coda to all this, comes a report from Britain’s 
IgflMlition of Public Analysts. They say that lard now con- 

.. higher proportion of pesticide residues than any other 

I l hey tested. Next worst, were apples, brassicas (i.e. 

1 ■ .r, brussels sprouts, etc.) and potatoes, all of which 
-•led the recommended limits. The survey, supported by 
‘ loud authorities, continues. 

I Imagine that the next few years will see a progressive 
Miming of controls on DDT, dieldrin and similar sub- 
"• n, with the western countries making these controls 
iy effective and many underdeveloped countries paying 
1 vice but taking very little in the way of effective mea- 
* ( to ensure the rules are obeyed. Already in the US con¬ 
niption in 1967 had fallen to half that in 1959. 

Ways will be found to get DDT out of the systems of 
•pie who have absorbed it. Preliminary studies at the 
diversity of Miami indicate that phenobarbital and a sub- 
.iice used to control epilepsy, selling under the name of 
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Dilantin, may have the effect of removing Dl)| 
body Dr John E. Davis found that people taking it,, 
had low or zero levels of DDT in fat. Whethr, ,i„ 
remove it from the brain is another question. 

BIOLOGICAL CONTROLS 

Die best hope lies in the use of biological method* „f, . . 

of pests, and these may be forced on us by the In , 

development of resistance to organochlorines in in.. 

Anopheles mosquito, which carries malaria, is now ... 

hn T JTT ‘° ? DT ’ While the P rotozo °n which al.iii , 
host to the malaria bug during part of its life is |„, 

resistant to anti-malarials. The outbreak of plagm- i„ 2 
nam was due to the fact that the local fleas have l„ ... 
istant to pesticides. Some insects not only adapt i„ t, 

them of°SOT? tCd t0 k aDd ^ be f ° Ught ' 

ic CXpert ° pinion: ‘ In 8 enera l the synthetic ... 

w pesticides ^ ecoIogicaU y cru de and engender ..... , 

problems: resurgence of target pests, outbreaks of non i , 
species and pest-resistance to pesticides. These have . 
tributed to a steady increase in the use of pesticides in 
years. For example, in California pest-control costs, I... i 

ovefthTTaLT^T 0 ^ and cotton —have risen . . 

reveal ^ —, A Critical anal y sis nationwide «. 

mites in n f Pa “ 6m: bol,wonns “ Texas cotton. 
mites m deciduous fruit orchards, cabbage loopers in v. , 

Bosch°of th’ d n° f0rth ‘’ T 1331 WaS the VOice of Robert van a 
^Califo ° f Bi0l0gical Ccufrol at the Univ.,... 

er Sdt 1^\ r ? y r! CaUf> V3n dCn Bosch used ‘o — ' 

presented at aKernatives ' ^ evkln, 

“ r h a u Rochester Conference on Toxiciiy ,. 
1968 he reversed his opinion, he now holds that the un< .. 

altogeS 0 ^ Sh ,? Uld CUt d0Wn 311(1 eve ntually stop,., i 
altogeffier. The chemical alternatives to DDT are disu!,.. 

appear to he^th ^ Unffl better c °me along, tli. 

appear to be the safer materials.* 

C£ T 0t * e *™inated, as farmers ten,. 

firs S delT ° ne ’ 311011161 flares U P ; eventually ,i„ 

St lot develops resistance and returns. The best one , ,„ 

hope for is to preserve the ecological balance among then. 
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these flare-ups are eliminated. A low continuous level 
4 is much better than an alternation of somewhat 
harvests and serious disasters. 

lb** new development in pest control is the use of hor- 
such as those which prevent larvae from metamor- 

* Ming into the adult form as a caterpillar metamorphoses 

.« butterfly. These juvenile hormones also kill eggs and 
i - been hopefully christened the ‘third-generation pesti- 

* « (arsenates, nicotine and so on were the first gener- 
•• DDT, dieldrin etc., the second). 

i»n! these substances also have their dangers. There are a 
Mli >n species of insect and only 3,000 of them are harmful 
Minn. But the third-generation pesticides act on good and 
*» I Insects indiscriminately, killing 1,000 good ones for every 

* i one. They are immensely powerful. For example Czech 

* "hers have managed to extract from the natural oil of the 

* topic moth one of the half-dozen hormonal components. 
IM* In so powerful that an ounce would clear all insects from 

* *i \ acres. The original oil, with its several ingredients, is 
- more potent. Soon man will be able to synthesize all these 
•iiponents. Professor Carroll Williams, the acknowledged 
silcr in this field, warns us that ‘any reckless use of the 
alcrials on a large scale would constitute an ecological 

‘ tutor of the first rank.’ 

I lie origin of the pesticide problem lies not in pesticides, so 
tu h as in mankind’s increasing use of monoculture—the 
flowing of vast acreages of a single crop. It is the availability 
' unlimited quantities of their favourite food that enables 
nts to multiply enormously. The denouement to which this 
always tends is the total destruction of the crop and a 
i >*i pul at ion crash among the pests. Come to think of it, that is 

* hat that superpest, man, is up to also. 

Ml AT BECAME OF THE EAGLES? 

In I he years that followed the publication of Rachel Carson’s 
1‘ombshell of a book, populations of various predatory birds 
i' II sharply—the peregrine falcon was the one which attract- 
#d most public attention—and in many of the cases studied 
i he levels of pesticides in the tissues were far too small to 
Recount for their deaths. Simultaneously, however, scientists 
investigating DDT levels began to notice, in the tracings of 



































The New Look in Pollutants 137 


■lob The Doomsday Book 

their instruments, irregularities which were 
peaks which indicated the presence of DDT 01 n« i . 
products. They ascribed them, in their notes, t,. 

organochlonne products not corresponding to . , 

pesticide or its metabolites’ and speedily forgot th< ... 

It was not until 1966 that a Swedish rescan I, , 
Stockholm Umversity, Mr Soren Jensen, stumbl. i 
explanation. In 200 pike taken from different , 
Sweden he found unusual levels of a class <.( ...i„ 

known as polychlorinated biphenyls, or PCB f„, .. 

is not a pesticide. It is a component of paints and v,„, 
it helps to colour plastics and improves electrical i„ 

It is present in high-temperature lubricating oils. Oti,„, 
ers had commented, without much interest, on the l... t h M 

ln , the a* 1, °ver London and Hanihui» 

cities had not thought of looking. Then some was t. 

seals off the coast of Scotland. 

Mr Jensen, worried by what he had found, ext. m.U.i 
researches. He looked at fish and fish spawn from all , . 

country. They were contaminated with PCB. He cxium 
dead eagle found near Stockholm. He tried his own 

HC ,0 ° ked at 1116 hair of hi " »"■ - 
h J PCB ' As the bafe y was only five month. . 

e deduced that she had got her burden of PCB lu.n, 

mothers milk. He then approached the Swedish Nan. 

Museum of Natural History with an odd request . . 

have snippets of the tail feathers of eagles in their coll, , 
with the date of the bird’s death? The earliest !•< it 
detected was m an eagle from 1944. Before this carl, 
least, were PCB-free. 

Now PCB is not the kind of thing anyone of sense v 
to absorb. Experiments with mice had already shown tl, „ 
was particularly harmful to the liver, where it indue, . 
zymes the regulatory substances which control biochcmi, 
activity. It was also known to be equally harmful to the m 
W hether it had other effects was not known at this n,„ 
nfortunately, like the old man of the sea, PCB is easy i. 
acquire and hard to get rid of. It cannot be destroys i 
incineration, which merely wafts it into the air. It can cm 
the body by being breathed in, or concealed in food bm . 
does not need these aids: it can pass directly through .1 
skin. It is much more stable than DDT (itself a rather si ,i.i, 


»* . 


* ) and hence much harder to convert into innocuous 
|p§*4 Imwii products which can be washed out of the system. 
Rb f« M which Mr Jensen found came, he suggested, from 
*•* smoke, from burning rubbish dumps and the like. 
|phH (In' nir it passed into the water, and thence into fish 
§ * Into man. Mr Jensen took the view that this was a 
Pi 4 trp fni some concern. A careful check with a more 
■kOlvp device, the mass spectrograph, was made and con- 
» - i In wen's diagnosis. 

4* (hr end of 1967, two scientists at the Freshwater 
fW***i‘ *» laboratory in Pitlochry, Scotland, who had been 
& 1 dug the tissue of seals and porpoises for traces of DDT, 
a: t i*mI, with some irritation, that the readings in their 
K.fMments were being confused by PCB, which was not 
i > vrd by the process which removed another contami- 
- * IUIC. To make quite sure they knew what they were 
HitiHKi about, they ran a separate experiment to separate the 
m n from the DDT and daughter-products. Their aim being 
‘poll on DDT they paid no further heed to the PCB, 
I i ll what they had to say about DDT I shall come to in 
*■«#- t nurse. 

llu'V had obviously not been keeping up with the scientific 
Mnalure, because only two months before in the same mag- 

• h , Nature , three workers at the Laboratory of the Gov- 
uincnt Chemist in London had come forward with 

• (lunation of Jensen’s work, based on a possibly more 
•.♦urate technique; what they said, in effect, was that the 

mmuin unidentified peaks ‘not corresponding to any known 
•i hide’ noted by those who had examined seal’s blubber, 
mum flesh and various fish and birds, were all due to PCB. 
Hiii being so, why was it the case that PCB seemed to stack 
i» much more readily in birds, seals and fish than it does in 
.m and his domestic animals such as cows and sheep? In 
•mr birds, they added, PCB outweighs the DDT. 

I wo weeks later, Dr D. B. Peakall, an American of whom 
shall hear more in a moment, wrote in to say: maybe this 
m plained the fact that the widespread decreases in various 
Mnls of prey had occurred where pesticide residues were far 
m low the toxic dose. 

Meanwhile Jensen had been studying levels of DDT and 
t*< II in creatures living in the Baltic. One seal, which had 56 
ppm of DDT in its body fat, had 13 ppm of PCB. The eagles 
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which, as already noted, had up to 310 ppm of I >1»i 
pectoral muscles averaged 190 ppm of PCB in m». 

240 ppm in the worst case. 

Simultaneously, in America, Professor R. W. Hi ,= 
with various colleagues of the Institute of Marine i 
at San Diego, triggered by the rapid decline of flu p * 
falcon, was carrying out a rather massive survey of it*. » 
position in living creatures throughout the world I 

Pitlochry team, his group also found unidentified I. 

the tracings made by their analytical equipment, win ' 
had no trouble in ascribing to PCB, having read »d 
Swedish work. Peregrine falcons trapped in late * j 

carrying up to 98 ppm PCB in breast muscle, up to \ i 
in their brains. Risebrough found significant amounts ot i § 
in Arctic peregrines only a few months old. A bird n h i ■ * 
California showed exceptionally high—probablv fa!id 1 
in the brain and was almost devoid of reserves of * * 
(lipids). Black petrels, shearwaters and other bird*. * 
studied: high PCB, high DDT, and shells one-third fit 
than normal—and this was in a wild region of Baja < ■' 
nia, remote from industrial pollution and human inti • 
ence. 

Risebrough noted that the few surviving pairs of pro » 
falcons which were still breeding in California wen • 
those in Britain, living in relatively uncontaminated n 
and were wisely confining their menu to relativelv urnoni 
inated animals, such as doves and sparrows. Of the cn n • 
they investigated, only the fish-eating bat was reason >' 
clear of both PCB and DDT. Risebrough now real I v 
going. He analysed the Caspian tern and the red phalan^ 
the common murrelet and the ancient murrelet; the mom. 
ing dove and the meadow lark, the merlin and the barn ■ 
the cormorant and the frigate bird, the cinnamon teal > 
the brown booby, the black-crowned night heron and d 
American kestrel, the golden eagle and Cooper’s hawk if... 
white crappie and the black crappie, the sooty shearwim 
and the pink-footed shearwater, the blue,gill and the bum. 
pelican, not forgetting the Adelie penguin and the elcgnni 
tern. Everywhere the story was the same, all had DDT or n 
breakdown product DDE (about equally unpleasant) ;m.t 
most had PCB. The white-tailed kite, which lives mainly mi 
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tlmwrd up pretty well, but only the eggs of the Adelie 
Ch„! which came from Cape Crozier in Antarctica were 
M , iirr from PCB. But let us not build too many hope 
f X. find no PCB in the body fat of Antarctic 

, ;;., we should not infer that PCB has not yet reached 

, A diuretic. Risebrough concluded that PCB is m V 
4 .1 to remote places in the air, where it is to some extc 

J L, down by ultraviolet light, when it is present. The 
, h.*IIv high levels in San Francisco Bay, San Diego Bay 
, p„|jct Sound are presumably due to PCB entering 
CL Irectly in the form of industrial wast. He summa- 
liN findings with a dry The presence pc 
* . lilrds and fresh water fish analysed indicates that ’t 

dl-tributed among the continental ecosystems of North 

% ... ,i. Peregrines could therefore acquire PCB, as well as 
* other chlorinated hydrocarbons [meaning P nman J 
HI ill over all their global range.’ Tough on the peregri 

. .. ,, species long revered and respected^ The naturahst 

n || t-hnyer has described it as ‘the embodiment of noble 
, ,|ty and lonely freedom’. ‘An irony therefore exists in the 
, ,ays Risebrough, ‘that the peregrine may be the first 
, . I,-, to be exterminated by global contamination. 

Meanwhile scientists had been learning things about PCB 

. . -uggest.d that the lonely p.TO-» i peatoU I 

...nlrnn which needed to worry. In 1967, D. B _ Pe “ a 
....HI ecologist who was a collaborator ™ ^sebrough 
i, study the following year, had shown that DDT and 
t . Mi in affect the production of the sex-hormones proges- 
nme and testosterone, closely connected with fertrtrty. This 
„,k was now extended and it emerged that PCB was 
oximately five times as potent in inducing the enzymes 
. tii.'h control the amounts of these substances. Moreover 
mlv 40 ppm of DDE was enough to cause a significant 
.Ifret From which it followed that the danger mark for 
„ was a paltry 8 ppm. Both substances therefore are 
ipuble of rendering the creature that consumes them infer¬ 
tile even when they do not cause its death. 

Note that figure of 40 ppm, for there are already human 
Mngs who carry that amount of DDT in their bodies. How 
much PCB they carry is something scientists have not yet go 
mound to determining. 
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In short, the identification of PCB as a threat i« - mm 
and hence, perhaps, to man may prove only tin llm , §j 
in another of these sinister serial stories, which •••■**» *m 
reassurances and denials and end with the in shim. « | 
controls after endless avoidable harm has been done 

What must strike the layman as extraordinary n il». , m 
ful assumption made not only by the public but 1 
experts that if a substance doesn’t kill you pretty pi- § 
is harmless. The normal method of rating a post it i i u fl 
feed it in increasing doses to rats until they begin to -t. ^ 

amount which humans can take is then calculated M 
assumption that a small fraction of what will kill • Hi 
some allowance for difference in body-weights, will 
for man. No consideration is given to the effect on i # 
or on the health of the offspring. Examinations arc n.*i « * 

for chromosome breakage or genetic damage. The |»o«..» i 
of reduced resistance to infections is ignored. The p»* 
of a very long decay in action is not considered, not 
possibility of a slow build-up. A prime example ot .• ^ 

monosodium glutamate, the cause of the ‘Chinese i 
syndrome* and widely added to baby-foods, believe it * « 

Yet another is the Thalidomide story. 

I have related how the unpleasant effects of Dl > I 
slowly discovered, but here is one more story whu It 
how deviously such substances may work. Normal^ 
adapt themselves to changes in temperature. DI)I inn** • 
with their ability to do this. More than this, it him I 
ability to learn to avoid danger, and it does no >.i 
fantastically low concentration of 20 parts per billion. 

In coming years countless new substances will hr 
by chemists and some will prove, like Thalidomul. « 
potentially dangerous in the extreme. Thalidomide \ * • 

useful drug, provided it is not taken by pregnant \ 

DDT is useful too and may sometimes be the logical thi. 
use. The extreme of a total ban is only one degree l« 
than the extreme of unrestricted use. Cannot w. n 
rational middle course? 

There is at least one group of substances known > 
will soon be killing people off if it is not doing so di 
which has not even reached the point of general rccopnn- 
metals such as lead, mercury and cadmium. Mcrcun 1 
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** .o cause concern in Sweden, but lead and cadmium 
TT,!! In the early phase in which public health authorities 
*, Hint there is any problem. Let us see if this confidence 
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** i ant century hat-makers dressed the fur used in 
Im« i a with a substance containing mercury. The fumes 
Milt gave them mercury poisoning, which caused a 
mental disturbance, described by a toxicologist in 
* ^ hiin: The psychical or emotional disturbance is char- 
-.1 Ity self-consciousness, timidity, embarrassment with 

• i«mt reason, anxiety, indecision, lack of concentration, 
p «*lon or despondency, resentment of criticism, irritabili- 

• At liability; these appear sometimes to cause a com- 

♦ Iwtnge of personality. Headache, fatigue, weakness and 
m iliowsiness or insomnia are frequent complaints; in 

■u.tl cases there may be hallucinations, loss of memory 
intellectual deterioration.* This would seem enough, but 
U also slurring of words, hesitancy in beginning sen- 
nnd difficulty in pronunciation, while the hands trem- 

* «*mi the handwriting is altered. Excessive perspiration, 
u of blushing, ulceration of the gums, loosening of the 

‘ti nnd diarrhoea round out a charming picture. 

Mil* is why hatters are proverbially mad and why a Mad 
appears at Alice’s tea-party. It was not a source of 

* to the hatters, nor to the miners who produced the 

* Miry: there are vivid eighteenth-century accounts of this 
it cruel bane*. Mercury is readily absorbed by man 
•ugh any mucous membrane, such as the lining of the 

♦•♦nth or stomach, and will even pass through the unbroken 
* mi Students using mercury in chemical experiments have 
fcwn known to develop mercury poisoning from the fumes, 
hrn I remember the pride with which, as a schoolboy, I 
olmnded a small botde of mercury and how I once spilt the 
•intents in my tuck-box, my blood runs cold. 
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Today mercury is no longer just a threat to ■ j 

workers. It is being diffused into the envin . 

way and may already be a global pollutant. 

! nakes this especially serious is the 
(1V67) that mercury can be converted into „ i „ 
orm, methyl mercury, by unidentified bm i. ,, 

oxygen is present-a state of affairs which exi-..-. .. 

™ and oceans, where decaying organic .. 

methyl groups of atoms which convert the . . 

even more sinister substance. Animal expcrin.mi, 

r, v ^ , n . r n ates a hu ndred times more than mo. . . 
de and 10 per cent of it lodges in the brain. 

Mercury is used increasingly in industry— ,,, ...... 

indS^T? ? l0 - ide (PVC) and in ■ .J 

industry, as electrodes m the manufacture of can,,,, 
laundries, as phenyl mercury acetate to .. 

fungal* attack. ^ ^ ^ “ alS0 USCd t0 C ° at 8cc<l1 ' " 

the A h.,r S f' m Until , ab ° Ut te “ years ag0 when in,. , 
the huge, almost enclosed, Minamata Bay in KyiN.,. . 

5 Sh ° W th ® numbness, tunnel-vis. , 

signs of nerve-damage which I have described A. n 

especially when it was obstve ’. 

7h» , d,S f Iaymg these Woms. Then it was ,|. 

fish Ah f? u h WCre fuU ° f mercur y. as u. 
fish. All fishing in the bay is now banned, but , 

late for several of the fishermen, who were plu. 

disabled or died. The mercury was traced to a |„, tl | . 

ma ing vm yI chloride, which had recently stepped up . 

were s n merCU17 “ the effluent was metallic , 

ed n the am0UntS ° f methyI mercury - was .. 

ed m the marine organisms and the fish which ale . . 

centrated it still further. 

In 1965 an exactly similar incident occurred in the v. 
River m Niigata, but, alerted by the Minamata ined, 

:r:zztr ed in time - ne japanese “*<>*"• 

now banned fishing m two more rivers and have hum, I, 
wide-ranging investigation of industries using me,™, 
which there turn out to be no fewer than 194 ? 

, 19 f * ey awoke to the realization that Japan,-., , 
contained 0.1 ppm mercury. As a result, the use of <„, 
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* m impounds by farmers was banned throughout 

♦•‘Mu it go, shellfish in Galveston Bay, Texas, were 

• loaded with mercury, again from industrial 

■ * luii ipccdy precautions were taken. 

# no now shifts to Sweden, where methyl mercury 
had been in use since the 1940’s. In the 1950’s, 

* * U mid animals were noticed which proved on exami- 
lii contain high levels of mercury. ‘By the early 
« i ho very existence of some seed-eating and predatory 
m4 i *m leu was claimed to be threatened by mercury poison- 
f Myi Dr A. Jemelov, head of the Swedish Air and 
!*•'Million Research Laboratory in Stockholm. More- 
* Swedish eggs were found to contain an average of 
I'l'in mercury against an average of 0.007 ppm in the 
**t »Ik neighbouring countries: four times as much. Two 
**> * May at this level would bring you above the ‘acceptable 
I hiluke' suggested by the World Health Organization. 
Iniiti got the mercury from fodder, grown from mercu- 
*iid seeds. There is thus a food chain: fodder, hens, 


49’ llllUI. 

>•'11 lhe feathers of museum specimens of birds were 
• d, low levels were found in birds taken throughout the 
I IH20-1940, but there was a rapid rise in the 1950’s. 
»l h in lion was different, however, in the case of birds 
h cat fish, rather than seeds. In these birds the levels of 
Miy started to rise from 1890, and the mercury was 
d entirely in the methyl-mercury form. What is more, 
l lie mercury in seed-eating birds began to decline after 
Swedes banned the use of mercurized seed-dressing in 
lhe mercury in the sea birds did not. They were getting 
- mercury from the effluent of paper-mills and chlorine 
•ilcs. Swedish fish carry up to a lethal 101 ppm mercury, 
(lines the normal amount. The Swedes have been obliged 
(•inhibit the sale of fish from all lakes where specimens 
w more than 1 ppm and to recommend that fish contain- 
hrlow 1 and over 0.2 ppm should not be eaten more than 
«' a week. My Swedish friends put it more bluntly: ‘When 
Sweden, don’t eat fish.* They add that the level should 
• been set at 0.5. It is the fact that fish is a major article 
diet in Sweden, one may suppose, which constrained the 
•nhorities to accept fish above that level for intermittent 
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consumption. The limit is, in any case, provision »i if 4 

tigations are proceeding. They have already . 1 , h 
only the lakes but the coastal waters of th» i* 
dangerously laden with mercury. 

Sweden is a large user of mercury, consuming 1 * g 

for every inhabitant annually. Finland and h j 

equally heavy consumers. But probably tin 11 . t j 
Japan, which uses 1,600 tons a year againsi Am. * , % 
tons and England’s 20. What this is doing to lti« 1 - 

one knows. There is at present no organized mm.11. t j 
mercury levels anywhere. 

Nor is it all clear what would be a tolerable I, 1 i.hU 
to, official levels have been based on the assumpn. m ( 
no obvious disease develops all is well. But it in k • 
alkyl mercury can pass through the placental I j 
mammals. In the Minamata tragedy, nineteen child... »|| 
born with congenital mercury poisoning to wmiih 
themselves showed no sign of being affected. In 1 ;«M 
parable doses cause the foetus to be resorbed or to 1 
dead. In mice it certainly increases sterility in both * 
doses appreciably below the lethal level. Mercury » ... J 
cause chromosomal abnormalities, certainly in lyni ( 

—cells which protect the body against infection and . 
of the deaths at Minamata were from secondary Inf. 

This raises the possibility of a genetic effect, bul the ... - . 
is not yet investigated in man, though there is ccrtniid 
an effect in plants and fruit-flies. 

In fact it is not known whether there is any tlm.i 
below which no damage occurs. Mercury seems to , 1 . 
individual cells and so may use up the body’s cell-rest -1 
a while without noticeable effect. So it may cause • 
onset of senility, or lowering of intelligence, or short, m, 
life. Absence of obvious symptoms is no reason for «.... .,.1 
cency. 

In addition to the effect on humans, the effects on uni... 
must be considered, apart from those used for food 1 - 
populations in Sweden have been seriously affected. Bui 
one of the ways in which mercury is excreted from tin* t 
is via feathers or fur, it may be that relatively haul 
animals, such as pigs and men, are more vulnerable. 

A Swedish scientist, S. Tejning, who showed that thr 
spring of randomly chosen mothers had 28 per cent m, 
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In their blood corpuscles than the mothers did, 
utMidu lhut the acceptable dose be reduced to 0.2 ppm. 

of ibis the English tolerance level of 0.1—which is 
iIihI suggested by the World Health Organization and 
th«u three times that which the Benelux countries 
n utmost certainly too high. And perhaps Britain, 

1 * a ml other countries should now follow the example 
in. (Jermany and Japan in banning the agricultural 
1 Mi« rcury. As I write, the state of Montana has an- 
*#<) Hint, while sportsmen may still shoot partridges and 
mhU, they must not eat the game: it contains too much 
ruiyl 

mercury story illustrates the usual history of official 
ness to face the facts. When conservationists assert- 
1 t .i mercury seed dressings were poisoning seed-eating 
.utd their predators, industry and agricultural experts 
i - . .1 these allegations, adding that crops would decline if 
I* ib 1 'tings were not used. That was in the 1950’s. In 1965 
ft* mulct 1 ry content of seed dressings was ordered to be 
p*. 1 ,1 to half the former level and the dressing was only to 
.., ,1 on infected seeds. No decline in crop yields followed 
measures. In the same year a scientific conference 

* .1 beyond cavil that a drastic decrease in wild bird 
f 1 .lintions had occurred. 

n, ,ln, when the mercury content of Swedish eggs was 
1 It was maintained that the amount was toxicologically 
< 11 llleant, and that in any case it came from the natural 
ury content of Swedish rocks rather than from seed 
*«lngs. 

similarly, when methyl mercury was found in fish, the 
mg industry objected to the regulations made, saying that 
. Instance of human beings harmed by mercury in fish had 
mi reported in Sweden. Subsequently, it turned out that the 
iiulard of 1.0 ppm set by the National Institute of Public 

• 1 . tilth was based on a misreading of the facts. In examining 

lupanese data, the fact was overlooked that the figures 
lor amounts of mercury per kilogram, dry weight—i.e. 
n r water had been extracted—whereas the Swedish calcula- 
tiis were based on wet weight. If this had been understood, 
figure of 0.2 to 0.4, rather than 1.0, would have followed 
mu the calculations. Covering up, the Institute of Public 
11 Mth announced that it was basing its recommendation on 
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the case of a single man reported to he h.-,.iii 
a . milIigram of mercury a day for a.,, 

Though mercury will, I make no doubi |„ 

some degree of control—whether we shall , , 

S U meM Stand n dS ° f ^ * another m,..,* £ 

another metal, equally dangerous, which is 

recognized as a threat and which will prove I,, , * 

to regulate. I am thinking of lead. 

the menace of lead 

HTJti r pIe.. . . « .* .. 

heir bodies, not counting any old bullets I n „l 
angerous metal than you may think. Birds win, I, i, 

usually 7 d^e°S m ] en d bUt - haVe recovered fror ” 

heavily shot overf^ P ° 1SOnmg - Marsh es which h. J 

a game-bird, and have deveimwi » ; p - ’ 

^Irf^re* vessels witMe'ad^ well aiming leacTpipr, ' " 

nearlyTm ilforton? ° f lead ^ .. 

level but it i not th f y , 6ar ’ f0rty times the P" 

sSE#S?r-" 

ariSSSSSSffr 

rently-accepted range of lead levels for i7 th n "" ' 

significant in terms of a threat for the^ 3118 and ;i " ’ 
mreat ror the occurrence of 
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* Doctors and local health authorities often issue 
Jpii fpftMurances. In this chapter, nevertheless, I propose 
I hut, on the contrary, it is virtually certain that large 
of people are already being poisoned by lead and 
p »*ll before the end of the century this will have become 
■jpuilflng problem. 

lomplacency of the health authorities derives from the 
0 th«i lheir experience has been almost entirely with what 
P# -411 'classical lead poisoning’ in an industrial context. It 
| umm. .1 classical because it was recognized in lead miners 
i *«*ly ns the sixteenth century, when Paracelsus described 
f i* mi\* n tudied in some detail by the doctors of the early 
■pHinth century. 

M.i* rarly symptoms of lead intoxication are fatigue, dis- 
p of sleep and constipation. The blood count will 
p«4*ty have fallen and soon anaemia will become apparent, 
fllfe voile and neuritis. Then general weakness and loss of 
fN gM me seen. Usually the victim will be in the hands of a 
* i by this time, but if exposure to lead continues, or 
l he exposure though short is very severe, mental symp- 
p ^ follow, the lead having now broken through the barrier 
*9n-h protects the brain from poisons in the blood. The 
*««<!« tremble (tremor of intention), there is mental confu- 
»# <m excitement and the patient has hallucinations. He has 
f > ulfy in hearing and suffers from double vision. His 
** - * h becomes slurred. In children such attacks, when not 
• I. arc followed by permanent mental retardation. 

According to the accepted accounts, 90 per cent of lead 
■ li is ingested in food and water is excreted again, the 
i nice being absorbed in the tissues and bones. The blood 
■ I represents the amount dissolving out of the tissue again. 
1 »«m, according to the orthodox account, the body is well 
Hiiized to deal with a brief increase in the amount of lead 
‘led, even if it is a large one. The excretion rate simply 
i. and little remains in the system. It also follows that the 
- Mount in the urine is a poor indicator of the degree of 
l‘«'i*u>ning, and especially since people vary widely in their 
Guilty to excrete lead. Other signs, such as unusual blood 
1 1Is, are also a poor guide: the best indication is the level of 
I hI in the blood. 

I trouble the reader with these medical details because, as 
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we shall see in a moment, this is a wholly iniutai|ii«t» . 
of lead poisoning as we know it today. 

The level at which the symptoms of lead poi 
noticed is put by some authorities at 0.5 ppm m i . i« 

others say that it is all right to go up to 0.8 ppm i * 

these assumptions, the safety-level seems to be , i 
edly high. It is regarded as quite all right foi .. i 

have 0.25 ppm in their blood, and a survey . i » . 

population shows a range between 0.05 and m M 
healthy persons. Now the usual practice with pr-.n- ? t 
the like is to set a permitted level at least one U mi, . i 
danger-level, to give a margin to cover individual* • 
exceptionally sensitive, particularly pregnant wom^ 
children, and to guard against local variations mi< !» 
lead content in the soil, and hence, perhaps, m ♦! 
water. So the ‘safety-level’ for lead, which is only h 
danger-level, is rather extraordinary, and many pm,rn 
US are undoubtedly well above this so-called saft « 
Obviously, they are all set for trouble, if anything l.„, s 
push their lead burden a little higher. For the nionu m i 
nothing about the position as regards children. At. > 
situation in the UK is closely similar. 

Now surveys show remarkable variations in the |. 
tent of food and water. A British survey showed that il. 
content of lettuce could range from 0.3 to as hi r lt 
ppm; potatoes ranged from 0.2 to 17 ppm, chim.i. . 
0.2 to 11 ppm. A check in British Columbia show.,i 
variations. The average was 2.7 ppm. The British M 
of Agriculture assumes that food will not contain. <m , 
age, more than 0.5 ppm, so that a person who eats 1 
vegetables a day will take in not more than 4 milligi.un 
lead. The Ministry was therefore taken aback at tin 
suits, which implied an intake double what they suppo.v I 
Similarly, the level approved for British drinking wain 
maximum of 0.1 ppm. And a survey in 1967 showol 
most (not all) water supplies were below this limit 
cases only just below. But after water has stood in lead 
or 16 hours, the level may be as much as 0.3 ppm 
anyone who is away from home for a day or two, m 
only draws water to drink once a day, could be consnm 
water with far too much lead in it. None of this sugg. < 
very high standard of control, especially as these facts ,, 
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F * -mi ascertained any time in the past hundred years and 
rat mily just been discovered. 

I j * lh# fact that existing standards are rather marginal, 
f£ *** based on experience with, on the one hand, small 
»«crived from food and water over a long period, or, 
i her, with large doses received through the lungs in 
g| trial situation, which creates the problem. For today 
n #*# faced with small doses, received over long periods, 
m *!•*.! through the lungs. Moreover, the lead which is now 
m hremthed in is of a previously unfamiliar kind: tetra- 
** * M« <td from the exhausts of motor vehicles. It was al- 
4i r known that the absorbability of inorganic lead com- 
HiwU varied a good deal—the oxides and chlorides being 
mht to absorb than the chromates and sulphides, for in- 
pNn * hut little was known about organic compounds of 
ft * * “f which tetra-ethyl lead is one. 
ft Ml, before the peculiar dangers of tetra-ethyl lead were 

* 1 - il, the cat was put among the pigeons by another 
fcmttvory. 

i* was in the early sixties that Dr H. Schroeder of Dart- 
•ii h Medical School published the first of a series of papers 

* h cast a sinister new light on the whole problem. He 
?*=» “I rats in cages supplied with elaborately filtered air, 
i* "» which every possible contaminant had been removed. 

? > quarters were at the top of a remote hill 1,500 feet high, 

* mile from the nearest public road, the air intakes to the 

being placed in a nearby forest, with electrostatic 
ipitators. All nail-heads in the cages were covered and 
"luff even removed their shoes on entering the laboratory, 
"•ng other precautions. Then he introduced traces of spe- 
fir contaminants, such as lead, in known amounts and 
ailed to see what happened. He found increased death rates 
nil ages. Moreover, in all rats which survived the first three 
Months of life, the median life span was reduced by 200-250 
My*, those rats with the highest concentrations of lead in 
Mir systems dying first. Since three years is the average 
ir span of a rat, a cutback of some eight months is nearly a 
imu ter of its life span and would correspond to a shortening 
I Nome seventeen years in man. Post-mortem examination 
«Mi wed that the levels of lead in the tissues of the animals 
ie similar to or less than those found in adult human 
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beings. There was no sign of lead-poisoning n • . - 

in tumours. 

The significance of this, of course, w.is i!» .• 
practice of judging the safety level for expo m 
the point at which obvious disease sets in w . 
destroyed. More than this, it strongly suggc .i* -•« * 

lives were and are being shortened by such « i 
since the United States, despite its high stand mi 
care, has such poor life expectancies—it is t hut 
the world list—the suspicion is reasonable that 
due to the fact that so many Americans are cm- • \ 
and maybe other pollutants. 

This important study, which was repeated with »« 
in subsequent years, nevertheless received litth m > 
was still maintained that man’s exposure to lead - « § 

cent due to what he ate, and public health authm -*-«q 
to the comforting fact that there had been no * 
change in the statistics of gross lead poisoning toi n. 
or more. Atmospheric lead, they claimed, vv.»•. 
tant. 

THE LEAD YOU BREATHE 

Gradually, however, figures were accumulated win. i* 
this claim untenable. Studies by Professor Eli (mid 
biologist of wide experience, known for his dr, 
insect chemisterilants in California, showed that p. 
ing in cities had much higher levels of lead in lin n 
than people living in the heart of the country, wlui, 
working in garages, guards in tunnels under rivers ;md 
control police had still higher levels. In the mount n « 
California, men had 0.12 ppm and women 0.0 ( >. lh. 
rather better than the rural population of the US as .< 
who had 0.16 and 0.10 ppm respectively. But pcopli 
in downtown Philadelphia had 0.24 and 0.18, wlul. < 
urban average for the whole country was 0.21 and o 
nearly twice as much as the mountain people. But the i« 
cops and heavily exposed men had 0.3 or 0.31— ncarh 
times the mountain dwellers and twice the level of tin 
population generally. Such figures completely rule om 
proposition that atmospheric lead provides only one trni 
the amount coming from food and water. Goldsmiili d 
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conclusion, that long-term increases in atmospher- 
cortuinly going to put up the levels in the blood of 

iMiiiulutions. , . * 

EL •'tidy, this time by H. V. Thomas and his col- 
mm Ikiwn that men living within 250 feet of a freeway 
Et',1 0 727 ppm of lead against 0.16 ppm found in men 
£ the coast in the same city. For women the figures 
* nl*./ and 0.099. Thus men living near this freeway 
■tM n»urly 50 per cent more lead than the control group, 
, 1 ... women were two-thirds worse off—perhaps a 
X ,.r the fact that women, many of whom stay at 

..hop in suburban areas, tend to be less exposed than 

a »h<> drive to work or work in areas where traffic is 
Supporting evidence came from roadside vegetation, 
E i, I* heavy with lead. 

..cccntly, another fact has come to light which 

the whole character of the controversy. It appears 

|. I,,, ethyl lead, which is much more volatile than many 

... forms of lead, concentrates by preference in fatty 
•..tala (lipids, to be technically accurate) and hence in the 
. .. «nd nervous system, which inorganic lead seldom 

Mloiis and fatal illness struck men after they had spent a 
.. hours cleaning out the sludge from gasoline tanks, about 
i.oi cent of the sludge consisting of tetra-ethyl lead. The 
«iiioms were acute mental disturbance with delirium and 
■ „i,i The victims experienced hallucinations. After a few 

* . «ome of them went into convulsions, followed by coma 
I iloiith. The less severe cases showed ‘mental confusion, 
,,1,-ssness, excitement, agitation and disorientation’. Some 

, i nbdominal pains and nausea, with vomiting. Between the 
„ k„ of mania and delirium there were periods of acute 

* iHMftion and apathy. 

Mow the extraordinary thing is that in many of these men 
Mood-levels were completely normal, while in others they 

. only slightly raised—from 0.6 to 0.7 ppm. Now these 

ip acutely sick men, who had been exposed to heavy 
•mentrations. Obviously less exposed individuals, whose 
.iiptoms might be only fatigue and depression, would in all 
.liability have only normal levels of lead in their blood. 
Unlike inorganic lead, tetra-ethyl lead is readily absorbed 
niigh the skin. 
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«JJ5 “«ST1S 0W ” - ... J 

and carry them out of th* S f UCil aS Icat1, ,, -*»# ## J 

EDTA, for ^iTS v °“ "'™ . *1 

system of inorganic lead A « effect,Ve "» 1 , J| 

tetra-ethyl lead, however, ha^e E 8 . *° l ' N, ‘ " ' *4 

doubt, to the fact that IpL I- ? “nsucccjwtnl ...,,,71 
is not available to the bloods^eam ****** "’ C V ""* * 

leadTons?ftu?es S a Skha^d?^ ** idca " 1 ^ 

such a size that they are imivi * at thc P m,t ' 1 , J 

microns or ** •««.’ 'Jl 

that more than half the . . M 

car are very much ^ hv "'•'4 

less m diameter. an tIus ’ being °- 1 ml. 

Institute of Technolo^wrof * geochemist at the < .. . ,, 

Population was exposed to w* P T r dec,arin K . . 

being a technical te m n ^ ’ C ^° nic lead i"». 

accepted ‘safe’ leveTS OlToZ^ “ d 1,131 ,h " . ! 

high as it should be tonrS W8S at least “ " "" h 
criticized severely by toxicnln • ♦ 6 a Sa ^ e mar ^ in . I»« ►, 
arguments as: leld was otiv Jh ’u*? 0 empI °y cd I*"* 4 
tract; the particles were ^ J hr ° ugh the i„„, , 

normal anyway. Patterson n level* » , 

margins applied to inQ^^t" ■ pomted out that if u, r . 

Plied to lead, ‘lead would necess^ril/T 1 add * ives Wr " 
present environmental exposures ’ An/ ? ns,dcrcd 
unaware of the peculiaritfes of tetr^ethvn 
brain and spinal nerve H ama „ „ , yJ lead > animal . ,i, 

current human exposure. 8 31 ® Vels similar to • 

support with figur^oj^ctu^ California, who came to i 
vital point. In setting ‘safe’ ® T**’ madc 

reaches people from 8 food anH ?“ th ® assum Pl'ou I, 
children, being smaller, will eal ^dd -’V 'i assumcd 
ceive a smaller dose But rhtu d dnnk less 41,(1 so „ 
polluted air and thus acquire'kS hTth* *° 

brains. Children are esneciallv a ?• u J helr StlU devel( 'l'l" 
invaded by lead, perm^ent L f ° r if their brains .... 

may follow. At a meeting snf^H u“ d men[al . . 

“<• W in 
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te pi«» specializing in children’s illnesses, told colleagues: 

got interested in lead because of children, who 
■ fc< t lend poisoning and had been sent home from the 
Hired, who then turned up in my neurological clinic 
Bpp* they were misbehaving in one way or another or not 
te'“f ln Nchool. One kid set the schoolroom on fire, anoth- 
I 0 * III tic girl danced around on the desk.’ Though these 
*N»«n nil had signs of lead poisoning, none of them had 
P signs of brain deterioration which doctors call 

||teftlitift. ‘The point I am trying to make about these 
#**“11 in (hat though none of them, at two or three years, 
M ac ute encephalopathy with their acute intoxication, 
they reached six or seven they showed evidence of 
. . I think that lead does something to the growing 
which is different from what it does to the adult 
!*«<*•' lie also made the comment: ‘I can’t believe that this 
N 1 In some way related to interference with the brain en- 
M.. systems through amounts of lead which may not in 
i fine Ives be impressive.’ 

Im dressing the underrated importance of atmospheric lead 

* •=> no means wish to play down the importance of the lead 
food and drink. One threat is superimposed on the other. 

I lie level of lead in British food is far higher than in the 
‘ * «l 1-4 ppm against only 0.2 ppm. Much of it used to 

«ne from lead arsenate sprays used in agriculture. These 

* • being replaced by fancier, though not necessarily safer, 
•lie ides. Meanwhile people are eating a growing proportion 

I canned food. Anyone eating an average of a can a day, 
mh! absorbing 0.3 per cent of the lead used to solder it, 
.Id acquire a typical body load from this source alone. 

II seems clear that the complacency of the health authori- 
Ufn is unjustified. 

One of the smoke-screen devices used by those who pooh- 
i ooh people like Dr Patterson as alarmists is to write of the 
i« vcl typically found in the blood of modem man as the 
natural’ level. It is not natural. The level of lead in the blood 
of pre-industrial man, deriving from soil-lead compounds 
only, was about 0.0025 ppm, or 2.5 parts per billion. That is 
about a hundred times less than the currently typical level. 

But the million tons of lead a year which are pumped into 
Hie atmosphere by the vehicles in the United States alone do 
not stay put in the air. Much of this lead drifts down on to 
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soil, vegetation and also fruit and vegetables IN. i. . t 

is joined by lead from smelting plants and olln i . ,1 

as the manufacture of batteries. (Children wlu> „i. 

near a smelter died in convulsions and proved ' i . j 

burdens of 2.14 ppm in their blood.) 

But the smaller lead particles stay airborne bn . * 

periods. In 1969, a research vessel set out from .. 

carrying on the bridge equipment for measuring ,,'i 

lead, carefully screened from possible contamim.il, ... i j 

on the ship itself, and sailed to Midway Island .. , , 

Samoa, making continuous measurements. Tin 14 

three oceanographers from the University of 1 .do. 
found between 1.5 and 2.5 milligrams of lead in . 1 .., , 4 I 
metre of air near San Diego. As they sailed on tin. i. ,«< 
slowly declined until in Samoa they reached O.IMMit m 
grams per cubic metre. In other words, the air oil s ... 1 , , t . 

had at least 5,000 times as much lead in it as tin •. ..4 

air. But even this was hundreds, perhaps thousands <>i . 
higher, they believe, than would have been found n ,.. 
ago. The conclusion is painfully clear: a fine mist «| 1 
slowly spreading out from every industrialized count it t 
ready there is no part of the planet which remains com |.1 , 

uncontaminated. Even in the snows of Greenland, Hi. 1 
level is a staggering 500 times above the pre-indust 1 ini 1 
Man can never hope to remove this contamination, lb. ,. 
he can do is stop polluting the air, and leave the t„ 1 
cleaning up to nature. How long that would take, no .. 
knows. Lead is accumulating in ocean sediments at -I tti.i" 
tons a year in the northern hemisphere. This is forty n, 
the historic rate. 

So far I have written only of the threat to man din-, 11 
But lead also enters plants and so reaches man and nnln. 
in food. You cannot eat food containing even one-tenth , 1 . 
average concentration of lead in the soil—that is, about 1 
ppm—for very long without becoming ill, from classical I, 1 
poisoning. Plants have evolved mechanisms for limiting tit... 
uptake of lead from the soil, but have not evolved filter. 1 
atmospheric lead because they never needed to. 

It is quite possible to make high-octane fuels williom 
adding lead, but they come slightly more expensive. Indeed 
one US company marketed such a fuel recently, but the.. 
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*#? »h .Irmand for it. And unfortunately these high-octane 
fttiHtiice more of the smog-forming contaminants. 

**»•' rnd of the century, the number of motor vehicles in 
£ « 4 will, it is believed, have reached 150 million—some 
m h*pi 200 million, about double the present figure. The 
length of journeys will have risen by 50 per cent, 
amount of gasoline burnt, therefore, could rise by a 
** * -» of three. And while the introduction of electric ve- 
may have begun to act to counter this rise, the increas- 
number of motor boats, snowmobiles and light aircraft 
M well push the figure even higher. We can contemplate, 

* - tiling is done, exposures to lead three or four times those 
&+ tuual. Such exposure would certainly lead to an increase 

Mllcal lead poisoning and perhaps when that happens 
m Gibing will at last be done. 

tMl long before classical lead poisoning emerges, shortened 
*** and brain damage, especially to children, will, I greatly 
be widespread. Lead poisoning, in this wider sense, will 
** «mc one of the more important medical pandemics. And 
will not be in the US only, nor confined to highly 
M.timtrialized countries. The miasma will be affecting their 
m 'progressive’ neighbours too. 

I here is a third metal which, though by no means so 
i« spread as lead, deserves attention for its effect on sexual 
‘Miility and potency, and because, according to Christiansen 
•! Olsen, two Swedish researchers who have made a special 
"Oy of it, it ‘has probably got more lethal possibilities than 

* <y of the other metals.’ This is cadmium. 



HUNT LETHAL METAL 

mlrnium, with its silvery sheen, is an attractive-looking 
-Material. It has become popular for plating containers, giving 
•linn a smooth rustless finish. Many outbreaks of poisoning 
i ve been reported from using them—usually because fruit- 
h i ices have been served in them, the acid dissolving the 
tdmium. The immediate effects are damage to the kidneys 
ami the central nervous system. Anaemia follows and if the 
‘lose is large enough complete loss of sexual fertility or 
potency results. When injected into animals experimentally, a 
nngle injection causes death of the cells in the testes and 
ilaniage to the seminiferous tubules. 
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It also has the unpleasant habit of remaining I.. .1 

W *7 e ’ some circumstances, before exmii,, , 1 
Swedish workers making accumulators, none ..1 1 ,... 

worked with cadmium-containing materials |,„ 1 ,.... 

tTfhIt S ti? den i^ e u ,0Ped cadmium Poisoning ,.f . , 

ty that they died. How cadmium manages to link 
completely obscure. 

If cadmium is swallowed it causes intense .. , 

WoHHW^it'u 18 a 1UDg ’ irritant - But it was nor „... . 

World War II that anyone realized that, at low .1, .. 

ong period, it could affect the entire system. I il. . 
causes fatigue and a pale appearance, but has ili< ,.n 
peculiar property of causing dental caries and < 1 , ,,,. . 

sense of smeU, while there is a watery discharge 1 . * 

nose. 

rnnnh^A 1 S ab ° Ut il that ° ne British Inv, - . 

concluded that it was impossible to recommend s.d, . 

conditions, a finding which did not deter people I, . 

mg with it. 1 

Up to this point in the story, cadmium has nol np n 
a threat to the population at large, vicious as it is i„ 
iLZZ? But recently it was noticed that patients ,| V |. . 
hypertension (high blood pressure) often carried m.., 

S„r° Un ; S ° f ? d “ iUm in their kidQ eys. Inv, i,„ 
r^ Q 8 understand this, administered traces of cml.n,,,, 
rats m their drinking water. They developed a form ... 1 . 
tension strikingly similar to the human variety. M,„ 
!j? a .. the ^ats were fed cadmium in amounts com,,,, 

7htt m V D aVerage American diet over a long 
their blood pressure rose and their kidney cadmium ,! , 

approximately the same level as is found in the avc-nu, 
American To clinch the argument, the rats were 
EDTA which, as already mentioned, has the cap,, ,, 
PI f‘ n 5 up atoms of metals, such as cadmium, and imm„i 
mg them. Given EDTA, the rats slowly got better 

si V r e th d rr: hen tried giving edta to human ^p.,, 

sives. the effect was not so marked or consistent. th„,„, 
some patients there was a small fall in blood pressure h ., 
however, cause them to excrete zinc, and the current „l. . 

Tu° T Ch the cadmiura as th e ratio of cadi. 

to zinc which is the crucial factor. The atoms of these ■ 

metals are similar in several ways, and enzymes which „. 
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i mi orporate zinc may, it it thought, take up cadmium 
flpfft'l, wilh dire consequences. However, the EDTA also 
00* ^ Increased excretion of lead and manganese, so that 
Il f.i. miic is by no means clear. 

t*M|’lto this, experts on industrial cadmium poisoning deny 
M' M lutn any such effect, in the workers they have studied, 
y the whole idea. 

fl»** 0 vcr this may be, it is now pretty certain that cadmi- 
:#» |h*i like lead, shortens the life span when absorbed in 
|fl«« ton small to cause detectable poisoning. Dr Schroeder, 
fin did the lead experiments which I have described, also 
rats to traces of cadmium, with closely similar re- 
Miu At less than the concentrations found in human kid- 
life was shortened significantly, with the curious differ- 
m* that cadmium was more powerful than lead in the case 
dra, while the reverse was true for females. Incidentally, 
i «Mhun was as life-shortening as lead in females and worse 
cadmium for males. The life of males was shortened 

• o» than that of females, a fact which curiously echoes the 

... sex-difference in life expectancy. 

Whatever the mechanism, this discovery has focused atten- 

• h| on cadmium as a potential menace to the population at 
gr As the Heart Information Center at the National 

• minutes of Health cautiously puts it, ‘Thus the presence of 
»hnlum in the environment may be of considerable impor- 

• The worrying fact has come to light that most Ameri- 

• accumulate more than 10 milligrams of cadmium in 
Mr bodies before the age of 20. This cadmium is concen- 
<«ttd almost entirely in the kidneys, where it combines with 
*imc in a special protein. Looking round the world, investiga- 

im find that while Africans have less cadmium in their 
*icms than Americans, as one might expect, some eastern 
icopies have more. Top of the list, so far, are the Japanese, 
«here the obscure disease itai-itai is now suspected to be 
ndmium poisoning. 

Where all this cadmium comes from is something of a 
-•»v-Htery. The unevenness of the body-burden around the 
world suggests that it comes, at least in part, from human 
activities. Does it enter the body from the air, or from the 
water or, via food, from the soil? Perhaps a mixture of all 
iluce. Measurements in city air show levels of 1 microgram 
l*cr cubic metre in London, about the same as zinc but far 
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less than lead. But an American study, ,.i. , 
locations, showed wide variations from pl. u , ,,, . 

I suspect that biological magnification i» m . , 
tim is present in US oysters, known for ttuii ...... N 

ability, at anything up to 3.66 ppm, and in . , , 

ens at almost 4.0 ppm. Kidneys are also , / 

types of phosphate fertilizer have been found ... 
cadmium, which is readily absorbed by cron, i,„. 
mary source is the flue-dust from zinc, lead and . , 

mg plants. We need to know where it goes .. . 

our ignorance is immense. It is thought that .. 

zme may intensify the effects of cadmium. 

What makes the situation worrying is our . .. , 

as to what is a tolerable level. For industri.. 

usually set at 1 milligram per cubic metre. This h . 

good deal too high even for industry, in the lighl u. . 
facts I have just described; it is certainly too ln M l, i... , 
unprotected population, which includes pregnant wni»., . 
vepr recent work has shown that it is teratogenic > 1 . .. 

induces monstrous deformations of the foetus l. 

Fern and S. J. Carpenter injected female hantMo. 
eighth day of gestation with cadmium sulphate m 
grams for each kilogram of body-weight. This w ,« 

smaller amount than the 145 milligrams per kilo,.,.. 

in the Swedish workers who died after several ycm , . , 
using cadmium-containing materials. But it caused .. 

disruption of the embryo, the details of which it w . 

morbid to describe. 


SHORT LIVES AND GAY? 

I have described some of the problems created by ,t, 
metals, which we are currently dumping into our < nv„ 
ment m quantities which appear far too large for coml. 
and which are shortening many lives. By the end .,i , 
century, at this rate, they will be affecting everyone n 
there are many other metals of equally menacing chin.,. , 

and no doubt we shall find good reasons for exploit!nr •. 

ot tnem widely between now and the year 2000 . 

Take beryllium. A silvery metal lighter and stronger tl. 
aluminium, it has great attractions for use in aircraft 
spacecraft. Indeed, as long ago as World War II alien,, 
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to use it for aircraft engines, but cost and lack of 
* Imiques for working it caused it to be dropped. A 
in ltic availability and cost of electric power could 
y Ilium back on the map in a big way. It is also 
»*♦»! lii the atomic energy industry, 
pldctnic of obscure illness broke out in beryllium-using 
during the years 1942-47 in America. Since so 
known, a file of cases was established, known as the 
-♦in Case Registry. Many of these cases came from the 
*' *'n( lamp industry, since traces of beryllium are used 
Mt*| Iho quality of the light given by these lamps. Of the 

C MOO cases in the registry, over a quarter proved fatal. 

• »f these were not beryllium workers, but neighbours 
Inn I been poisoned by contaminated clothing. 
m m Ilium poisoning is sometimes mistaken for tuberculosis 
i • • (her diseases, which may cause under-reporting. It is 
i vi t known whether it is a cause of cancer. In fact, the 
li mism of the disease is still unknown. To understand the 
‘'iif of beryllium poisoning is ‘of world-wide importance* 
the words of Dr Harriet Hardy, who operates the 
v Ilium Case Registry. 

t lie investigation of beryllium poisoning has been made 
*l difficult by commercial secrecy. ‘Because the exact 
.((position of phosphors in use was a jealously guarded 
ret, it was difficult to be certain of the dose of beryllium 
mi was causing the poisoning,* says Dr. Hardy. ‘In addition, 
#H«»iu:ial problems associated with launching a new operation 
«m* great, and recognition of job-related disease leading to 
Mupensation claims is a consequence that hinders accurate 
tiudy of industrial disease.* 

There are many other toxic metals coming into use. Titani¬ 
um. which shortens life more than lead or cadmium, is 
ilrnsively used in supersonic aircraft. The story of selenium 
mrrently fashionable as a preventive of dandruff—is rather 
ke that of cadmium: a prolonged failure to recognize the 
! diger it presents at low doses. Then there is thallium, which 
i used to coat seeds because it is so unpleasant that the birds 
dine to eat them. A family which unwisely mixed thallium 
^ ted seed-corn with its ordinary com died to a man. 
►. allium is also used in ant-destroyers. Being very stable as 
well as highly toxic, it accumulates in food chains. Birds die 
niter eating as few as four mice which have accumulated 
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thallium sulphate. Whether it is getting to man is not t I 
But it may be significant that it causes alopecia („ 
aldnessl After it was used extensively in Hawaii, you,,, , 

ce^v!/^ UDd i a be f COmpleteIy hairless. They must I, , 
ceived their bad of thallium through their mothers’ milk 

. AU ln aII > the heavy metals are an unpleasant lot. u„ 
p g..m min " te amounts can cause heart and lung d#,„ 

Eating small amounts causes liver and kidney damag. - 
some at least are linked with cancer 

muS e t P T?f Si0 ^ CanDOt bC avoi<kd that the environm.-,,. 
Pesticide? fC ? a V S common, y supposed. But metal, . 
are non ? ythe most ob vious of the contaminant* 
are pouring into the environment. It is estimated that 
than a quarter of a million different substances are role, i 

been a Sd e ? Ue f-° r gaSeS ' PracticaI| y none of them I,. 
hth t m i r 1F POSSiWe CffeCtS 0n the ecospherc. I, 

2 l 5 at we st °PP e d regarding the obvious illness as u 
of L/nl enviro " mental contamination. Our whole moll,, 

unchaZd f l S ’ iS h0peless| y naive and .. 

unchanged from the mneteenth century. 

is same ~ fatu ous confidence that »li 

usfifi’it r 7 2 ng rearguard actl '°n in an attempt i.. 

Li H « le u com P ,acen cy. Only a confirmed oplim, , 
would assume that we shall not continue to repeal ,|„. 
immature pattern in the years ahead. 

But while the pollutants just considered are little recoil 
mzed as threats there is another kind of pollution which i, 
widely recognized, and assumed to be fully under control 
ionizing radiation. Recently, scientists of great reputa.,-,,, 
have begun to question that assumption. 
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Marie Curie, in the early years of this century, 
t* *ly refined a ton of uranium ore donated by the Joachim- 
» 4 -I i*ilchblende mines, she ended up with a thimbleful of a 
mibstance which would blacken photographic paper, 
mmi when not in contact with it, make glassware fluoresce 
* tiller the conductivity of gases. Evidently it was emitting 
«Huy, and in such quantities that it remained permanently 

* -tnier than its surroundings. 

I ho substance was radium, of course. Like other radio- 
- nve substances, it emits energy because individual atoms 
•m exploding, or, to use the proper term, decaying into 

• igtiler atoms, the weight lost reappearing as energy, thus 
• Mifhming Einstein’s famous assertion that matter is simply 

♦Mir igy locked up in some mysterious manner. In radio-active 
•<ilmlances, it becomes gradually unlocked of its own accord. 

I he manner in which it does so is inexplicable. After a given 
Mine -in the case of radium it is 1,620 years—half the atoms 
*||| have decayed. After another 1,620 years, half the re- 
nmlning atoms will have decayed, and so on. Not until there 
In only one atom left to explode will it become inert. The rate 
♦»f decay, therefore, is expressed as a ‘half-life.’ The half-life 
of radium is 1,620 years. The point is important because it 
means a radio-active substance does not become harmless, 
i'ven for practical purposes, until many times its half-life. The 
Imlf-lives of radio-active substances range between seconds 
nnd billions of years, and the reason for this is completely 
unknown. It is also unknown, and very puzzling, how atoms 
'know’ when it is their turn to explode. Why do they conform 
lo this strange rule? 

Radium decays into another radio-active substance, radon 
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(a gas), and this in turn decays: after a seri.- i 

iTeS r n in “ su=: " 

nth ,• 06 ,ead ' Each decay has a differem i, 

«>v«dS, “ u,,iy persi!s ■««»**> »■■■■ 

«»^,rr“ f r,°4' no ” 8h i*— - ■■ 

S Ft™ I: 

radio-active materials without protection are liahi* t i 

tumours law tt,- r „ ~ r iu ‘waon are liable to (< ■ , 

,be,r p,im b ™-'" "> ■ 

. 

For most practical purposes, therefore we neeH ", 11 

"hem ESdmltn 

pssss55HF 

SSrPssss 

solid—but it will am be at raStl™ q “ "' 

do but put it where it will aTi ! 1 There 18 nothjn « 1 

...es y o p u„, yt b :”owrbts>r: f t ;™” d w,it ' in ■. 

the problem of radio-active wastes 
n* simplest way to measure radio-activity is to compare „ 



|a I a I it f/!c gram of radium: the amount of radiation this 
{p * i« termed one curie. Before World War II, the total 
= * <4 indium was about 10 curies, and if a radium needle 
ppH«mhig a few microcuries (millionths of a curie) were 
* m*. Iiict made headlines. Today we think more often in 
t«*# h! mcgacuries, i.e. millions of curies, 
n tv much radio-active material will the world have to 
Pi with by the end of the century? 
n,. ir will be increasing use of radio-active materials in 
Already steel furnace linings are coated with such 
serials, as a way of indicating (by release of radio- 
Mvlly) that the linings are wearing thin. Radio-active 
win' are sent crawling through underground pipes to reveal 
thereabouts of a blockage — they can be followed from 
jttev* ground, thanks to the gamma-radiation they emit. 
M and research laboratories use radio-active versions 

i various chemical compounds for analogous reasons. The 
< of the compound in the body can be traced by monitor¬ 
’ll lhe radiation. And no doubt we shall see the use of 
H« Irnr explosive for large-scale excavation, as is currently 
l *ing studied for the sea-level Panama canal and other pro- 
u (pp. 43-45). 

11 may well be that the biggest source of serious individual 
« olilent will arise from the industrial uses. The history of 
Gillum needles shows that people can be incredibly casual in 
handling such materials. (In the fifties, large numbers of 
people were contaminated in Mexico in this way. In the 
duties, a number of people suffered burns from gold wrist- 
• itches, because radio-active gold from radium needles had 
hr on used in their manufacture.) The gamma sources used 
for pipe-tracing comprise a whacking fifty curies of activity 
p<H*h. One has already caused the death of several members 
of a family who found it, and ‘grave concern’ is felt at the 
possibility of these hot ‘moles’ going astray. 

But all these sources will be minor in comparison to the 
nuclear power industry. The size this industry may attain 
tic pends on the growth of demand for electricity, and esti¬ 
mates of this are constantly being revised upwards. In 1967 
(he AEC estimated a total installed capacity, worldwide, of 
1,556,000 megawatts (MWe) by the year 2000, of which 
734,000 MWe would be derived from nuclear sources. This is 
about 100 times the amount so produced today, and assumes 
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world demand for electricity will be 8,000 billion »■ 
hours (KWh), but admits the figure could be i 

lower or higher. Back in 1952, the AEC had cxpn i. 
by 1970 we would have only 5,000 MWe of nut Km i i 
in fact, we are nearly at 7,000 MWe already and by i'» 
figure will be 140,000 MWe. Some people think tin »> 
mates too low: Dr William Webster in the US has < > 
the nuclear share in the world’s electric power requlr* 
by 2000 at 3-4 million MWe—constituting nearly hall 
world’s electric power requirements. 

What this will mean in terms of radio-active wan.. * j 
pends on how far the demand is met by building light * - n I 
reactors (on which the US is currently concentrating) K* 
water reactors (which are being developed in Britain 
elsewhere, as being more efficient) or thermonuclc.u p- 
cesses. The radio-activity evolved is greater in heavy th«- . 
light-water reactors, and much greater in thermomi* u«t 
devices. At present the latter are not practical, but 
Russians have recently reported success with this met In-t 
the laboratory and their claims have been fully substanti ■ - 
by a British team which went out to investigate them. IK 
monuclear power may thus be practical before the end o! it 
century. 

According to a 1967 report issued by the Oak Rat, 
National Laboratory, and making due adjustment for n>* 
somewhat higher demand for electricity now expected I 
not to Dr Webster’s estimate—the following amounts 
radioactive waste are to be anticipated by the year 2000 it, 
the US alone. On the assumption that only light-water n . 
tors will be in use, the amount of spent fuel which will ha 
to be processed, which today is 300 tons, will amount to ovn 
21,000 tons. The accumulated volume of liquid wastes will U 
60 million gallons; or if converted to solid form will occupy 
600,000 cubic feet. The total beta activity will rise from 
1,000 megacuries in 1970 to 155,000 megacuries. But in 
March 1970 it transpired that there are already 75 million 
gallons of radio-active wastes (a figure which may incluiK 
military wastes), which suggests these figures are greatlv 
underestimated. 

All these estimates are little more than guesses, since no 
one knows what types of reactor will be in use by the end ol 
the century, or how much liquid waste will be converted to 
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. ..« 

pU« « million megacu™ wb ich this represents 

• ,411., n. of waste soluUonsThenskw^ hoW 

TL and the environment depends nahr^ ^ ^ 

4. the containment and^disposal o tivity> 

* .. he different for different *£ could 

**>»• Miudler quantities us ’ t high-level wastes are 

, .. 500 square miles of land. efforts to find 

* .. this cannot go on indefin tQ ^ part icu- 

. .-" vcs are be t ing ™ stes into disused salt-mines; to 

My promising—to run th , tions an d run the wastes 

..inking water. st0 red in reinforced 

Since 1959. solid wastes have b ^ and weigh i n g 
..mirete vaults with walls up 63 spec i a i 

to 10 tons each. It is knownthat mApnl^ for 

. bauled 240 of ^ 

iHirlnl. Such trains might be a rainer 

yi’rtf 2000 . . i v itop maiority of wastes can 

At Hanford, rather a J a ™“ gy ,’ of Jyts above the local 
1.4 stored in a sixty-metre P V ^ disposal we re not 

r^eltfulTn 6 1959, about 280 

c t lapsed ’ releasin8 nu ‘ 

elides into neighbouring ° J “ge j difficu lt to predict, 

The long-term safety of tank sWi ^ Mo$t of th e 

»i, ys Belter of the AEC, t>ecau metTes in diameter and 

t links now used are fr0 ™ 15 ( 6 million gallons) of waste, 

hold up to 5 , 000 , cubic (a m ^ 

There are, or were, 200 suen ta of waste , at up to 

280,000 cubic metres g han enough >, as Sheldon 

■»—»-*• “• 
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Vicious liquids within them boil furiously from „ 

oZ7Zr m f \" d the tanks have t0 ^ cooled . 

disaster^ Thlv^ i° f C °° lin8 arr “«ements would . , 

contents ‘° be Watched ^ leak.,,,, 

contents are of course intensely corrosive Tn v 

seepage through welds has been detected after onl v , 

anTtr S "t? 6 h Sk ° f earthc J ualces shattering such stor, P , 
d trenches has been overlooked until recently. 

• aUS ® °f t b ese difficulties, conversion to solid i 

m° TS”“ t , f i“ es J230 "'- 

“240r?lioom, , " a,m “'“ !M “ 2000 wo ” ld “» ' 

u»d.£taa“ P " y “ US ’ tat » «vid„„„ 

double American f”"' ' 

ignored to S “ d “ b0ut g “ eous *«»»s Tfc.y are".," 
may prove the most awkward pollutants of ,dl 

krypton and tritium 

=SS£-rv 

t a he d whole e woS Eiffier one f"* 0 * ^^tooJpherJ ’ 

make the subject of internatS 

^ p VomZ p 2zt th r~ iZl 

affect drinking wat” Sev »i* e J- deS , CeDd into Waters and " 

t- is a i S!Z ^7hi°itfo e " b ° dy mdS ' KrV| ‘ 
has a half-life of 12 vears k f r y f? ; tritium > wh " '■ 

nucleus three times 3s heavynormal! 11 ° ydr ° gei1 Wltl ' '' 

expected tomato? tra/rf^e^XT^d' 011 ° f krypt °" 1,1 
don: by *> 2000 there may well Z 
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i-y&w*iUh ,! krypton, equivalent in activity to 1,000 tons of 
Jbi «• Hi*' total body dose rate may be 1.8 millirems* per 

S f<ft*»iiHuior Otto Haxel, of Heidelberg, as long ago as 
* pfMntetl to this danger and called for: (i) the setting 
§ mk - world-wide network of monitoring stations to detect 
|P |i mm ni of the gas; (2) the curtailment of purely military 
pp of fusion; (3) development of storage methods, and (4) 
jpMHMM of research to establish a maximum permissible 
ig***OMtion. Seven years later, none of these steps has been 
** far as I can determine. 

^fMfeMnr Haxel thinks that 10 per cent of the observed 
pH oh nfion comes from bomb-tests, 20 per cent from 
Mumt leuctors; he deduces that the remainder, much the 
f*#*»*-M part, comes from military reactors. 

*» view of the seriousness, in the long term, of this threat, 
i i > in' Hon has been made as far ahead as 2060 by when, if 
*i« pn are taken, the concentration would reach 50 micro- 
«« per cubic metre of air: Sir John Cockcroft has sug- 
? ««mI that the standard should be set at 0.6 microcuries per 
wMi metre, so this would mean that by 2060 atmospheric 
t#*pton would be present in roughly 100 times the recom- 
n M.lt'd amounts. Cockcroft’s criterion, I reckon, will have 
m passed by 2000. Moreover, krypton dissolves in body 
and the dose from this source alone would be 25- 
HMi millirads in the northern hemisphere—about half of what 
# < urrently regarded as the maximum allowable from all 
- mikcn. Unfortunately krypton, though it can be removed 
bum liquid effluents, is very difficult to remove from flue 
and even harder to store after you have removed it. 
Tritium may prove more of a problem than krypton, since 
molecule is so small it is very hard to control. It leaks out 
•F aluminium and stainless steel fuel canisters by actually 
diffusing through the metal, and it passes most valves and 
«r ( ,h. It is expected that by 1975, man-made tritium will have 
mmulated to the point where it equals the naturally pro¬ 
duced amount (69 megacuries) and by 1995 it will surpass 
lho amount produced, so far, by nuclear weapons testing 
( 7,000 MC). But this calculation assumes that only light- 
wuter reactors are being used. So-called heavy-water reactors 
produce much more: if only 10 per cent of the installed 


•Millirems and millirads are units of radiation dosage. For an explana¬ 
tion, see p. 173. 
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their use. It is hnwn +u * t. Wer ’ lhls may CVrn fi ■ *> 
bomb test has come Ho ^ ha,f the ««""> 
latitude, owing to tZ™ 30 ° a "‘ f 

what it contains Ther V Whlch the ataosplxi,. , 
nuclear economy ™ ^ ° f the . . 

earth, the 10 r/cem JT- ,°T ° n 10 P er «’<•« 

US. P 1 hlch lnclud es most of Europe ... i ^ 

goes' So&e^SO^r 20 T . Cent ° f the «tiun, rrl. 
requires 18 million gallons of** T* 0 C00,mg water \m . 
dilute it to accent a hip i i water a day per ton ol (. 

cabilit^-asToTomJv S> ^ method * of *•»»«. 

drily puts it Only theT^’ ? P6rt ° n rad io-acti Vl , 

if thenumL of Lter sr g f- St ^ Wil1 Serve a " d 

7 MC will haye accumulSedTn V S " CXp ° 

2000 when there will be aboutTsO 000 UwT T "" 
around the lake Farh ! ,uuu MW of nuclein , 

MC per year How Ini a react0r Wl11 Produce 2,000 \. 

»d ar”."" Wa,er !,ays ” «• Me r. 

this water for 25 years w ^ s ^^ ests that anyone dunk 

dose, on present standardsSo P ° rml 
levels in the lake will respite the assurance i 

? ** re ^ w ai"^~ “rJr. 

dim and suggests that the AECs standards f SCemS "" 
are totally unrealistic. standards for water pm 

pjrrsjr" ,* - ,s ° ***>—»*«*« . 

to . he burden P " rp0!e! — »which will ... 

, b “ o made by "■ 

(ICRP) for permissible exnos! * Radl ological . . 

large populations, though ttereV * '° W IeVels '‘ M 
cerning the genetic effens • 1 d recommen dation 
hoped lha, a cot„~r ■"*' '» * to I- 

onunendation may emeree1% mte ™ at,onaI ly acceptable .. . 
-a becomes m»^~“ *~ — , 
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NP ‘ * «»f Housing observed at a seminar, held by the 
N = Atomic Energy Authority in Vienna in 1969. 

|%* •mukoh! risk will exist near fuel processing plants, and 
- iionhs, in a survey of tritium problems for the AEC, 
that their size may have to be limited by safety 
j&M in*llons. 

# i ( owser and colleagues calculate the probable dose to 
m Kldge resident from both krypton and tritium, if 
pi were a 6-ton-a-day plant at work there — the size 
(or 1990—as 160 millirems a year.* Since the 
§§i nlHlhto dose for average populations is 170 millirems, 
|P i: * Ibikc dose from one source would not be acceptable. 
♦* HHK), he thinks, the release of these two gases may im- 
p*4- i it acceptable radiation exposures to man and his en- 

lift MU'HU SAFE LEVELS? 

! « Ihcse amounts of radio-active material about, the ques- 
« * t ines, what is a dangerous level in the environment? 

; naturally depends on another question: what is an 
*|Hable dose to the human body and to animals and 
fiHation? The short answer is that, as far as we know, all 
» ballon does damage and the only safe dose is zero. The 
'gtintents by which various official bodies have arrived at 
i»«irs tor ‘acceptable doses* are quite devious and I doubt 
h V much if the public would regard them as acceptable if it 
h. in stood the position. Conspicuously little effort has been 
to explain the complexities to the public as a whole. 
I bore should have been a major educational effort to explain 
•Mi completely new problem; it should be part of the educa- 
• i.wial curriculum in every school. I shall therefore now 
‘iinnpt to summarize this matter, despite the fact that it is 
•juitc involved, because of its extreme importance. 

Radiation differs from familiar pollutants in three main 
wuys. First, as I have already indicated, it cannot be used up 
or inactivated. It just decays away in its own good time, 
which may be a very long one; one cannot really say it 
becomes weaker, since, though fewer and fewer ‘explosions’ 

4 The forecast is for 219 megacuries a year and an accumulated load of 
i>i() megacuries assuming 675 gigawatts, but Cowser puts this higher, at 520 
MC a year and an accumulated total of no less than 3,150 MC. (This as¬ 
sumes 700 GW nuclear capacity.) 
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capable"?causing Sage " any 1 

Second, it exerts its effect r •* S ^ nmec ^ a te mm, 

single molecule of t£ ml ^ tlSSUe at * '. 

™»M harm a fly I"*—- . 

carbon atom which hlniJn V. S ? ge atomic cx l’'" • 

” «* S »e,ic mmeriafS”^ *> • <™HX 
cause a mutation which mit-ht h f f Sperm or e 8K 1 
to offspring for an mHr.fi -a 8 * 11 be trans niitted from .. 
Precisely where the radio^r/ 6 "^' Ever ything ,|, 
Thirdly, there is this cur1m,r P ; Ve at °“ * whc " " 

were about to fire a machine ° f chancc - 11 « 

with certainty that «n mP 8Un at a crowd. You , , 

be injured b “”o u Pe 2 d 7“ W ■» killed . 

°nes. In the same wav if va have no idea at nil , 
miniature time-bombs^known ! Pray * e environment M „i. 

be sure some people will be hurt rad '°.‘ active atoms. 
luck who is hurt and Z ^ . 

ships with whTchVe^e'famiS 6 " CaUSe ' and ' efrcc ' n-l., 
to embody it in their thuS ^° S ‘ peo P Ie fi " d ■' dm, 
cigarette smokers have an inct^ \ “ We arc '"Id 
cancer, there is always someone ^ ° f dyin « «'» 1 

, Who ha ° smoked heavily ail his S Pr °‘ eStS: 7 kn ‘>- <■ ■■ 
living our lives, naturally 7 We have to** ^ he ’ S ° Ver 
the question is whether we want t many sudl " 

bemgshotatwithmachine Jns V 1/° them - ,f v«„ 

one rather than five or six. ^ ’ * ' S heaIthi er if there is , 
there are ^^diffeTeat"ramoTucUd ^ '* ‘ he fac » »' 

one pontfm e bu7a e who S le in gr the ^ ^o-atfivhy' s'' 
different for different nu^SdTSufS aCCeptaW * 
the authorities lay down are onlJ^ ? C generaI rules wh, 
be interpreted in the light of kf 7 gUides ’ whic h have . 
hon of nuclides released in a^vln" 8 **5 Particu,ar comb,,, 

al t, d °, kDOW them - In addition w 3CCldent ° r °P eratio '' 
alpha, beta and gamma emitters seoIStT 7 haVe *° consul. 
In measuring the effect 7f s ®P a mteIy. 

are primarily interested in the ImouT ? Hving tiss ^ " ■ 
he tissue, which will depend oH ” / Mergy abs °rbcd 
- nation source *£ -ueis. 


H* 1 ) Hr* between. So the curie is no good to us. The 

| h»* * Hurt! is the rad, defined as the amount of radiation 
M Hg 100 ergs of energy in one gram of tissue. But even 
| *»*. »n»l quite pin it down, as alpha rays are roughly ten 
tb* *>ffn five as beta and gamma. So, when a mixture is 
wp use the rem, defined as one rad of alpha or ten 
gamma rays. However, different tissues absorb 
jfcti h amounts, so even these units are not precise mea- 
tin- biological effect. 

i bug we can proceed to the question of what is an 
m*- mIiIp dose, I must say something about the differences 
P#*«m ibe more important nuclides. There are four which 
feM* «m I nr proved particularly significant because the atoms, 
M'i-f tillered the body, get built into its structure, for the 
k f • »unot distinguish them from non-radioactive forms of 
fc* one atom. They therefore stay there until they finally 
|li *«li\ whereas many other nuclides are excreted, so that 
£ i-i i (od of risk is much smaller. 

'iltnc 131 accumulates in the thyroid gland, which re- 
r * > Iodine. As this is a very small organ, any active atoms 
*» uinccntrated in a small space. They eventually cause 
* « » of the thyroid. The half-life is relatively short: 14 

» lodine-129 , produced in much smaller but not negligi- 

¥ quantities, has a half-life of 17,250,000 years. 

Slrontium-90: the body mistakes this for calcium, to 
liK li it is chemically similar, and builds it into bone. When 
• iplodes, the daughter product is yttrium-90, which tends 
■ lodge in the gonads (ovaries and testes) and may cause 
! uimge or mutations in eggs or spermatozoa. The half-life is 
years. 

Carbon-14 can be built into any type of living tissue, all 
•f which contains carbon, but constitutes a serious risk if it 
should get built into the genetic material (DNA), especially 
i hr rapidly dividing cells of an embryo or infant, and above 
<»ll if it gets into the DNA of egg or sperm, in which case it 
may cause a mutation affecting all future generations derived 
(herefrom. The chance of this is small; on the other hand 
carbon—14 is around for a long time. Its half-life is 6,000 
years, so that, as atomic tests continue, the amount around is 
constantly increasing. 

Where the half-life of a nuclide is short—a matter of 
minutes or days, say—obviously we can create new amounts 
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every month or so without building up an accnmni • 
when the half-life is long, as with carbon, much 
lot we created is still around when we create mhih 
that a stock builds up in the environment, inn* li 
DDT. When the period is in thousands of years, .|> . 

additions, made regularly, will eventually build up = 
levels. Since carbon-14 can be so dangerous gem c i« * 
addition is most undesirable. 

Cesium-137, with a half-life of 33 years, resemhi 
tium in being concentrated in living tissue, but go* * 
soft tissues rather than the bones. After 20 years ol 
the wastes from reactors consist as to more than i 
of strontium and cesium, the other nuclides having dev * 

Our main information about the effects of radial 
living creatures comes from the explosions at Hiroshlm =4 
Nagasaki, and from accidents in research centres, nml » 
cerns short but massive doses. This knowledge is rel* 
what would happen in the event of a serious accident < 
power station, but we are concerned here mainly win 
effect of low doses spread over a long period, aboul 
much less is known, since we have not had people expo*, 
small but significant amounts of radiation under obsrn 
for long periods. The fact that 300 rads to the whole > »* 
will kill 50 per cent of the persons exposed, whereas tin 
amount spread over 70 years (it is said) may produce 
perceptible effect, may or may not indicate that damn}, 
repaired. But there is also a ‘delayed action’ effect. Tin 
noticed long ago with uranium miners, who devcl. p* 
cancers in more than the expected numbers many years ai ■ 
retiring from the industry. This latency period is comm. 

20 years or more. It probably represents the gradual using 
of the body’s spare capacity to deal with damage. Age in. 
believed to involve a similar process—and it is significant it. 
exposure to radiation also shortens life, by an amount din - t 
ly proportional to the amount of radiation received. Cancel 
producing substances also frequently show a latency die. i 
(as in the case of cigarette smoking) and it is significant that 
radiation also causes cancer. 

The medical effects of low dosages of radiation are known 
to include the production of leukemia (500 additional cos. 
in every million persons, p.a., for every 300 rems of c\ 
posure, and proportionately), cataract, and skin or hour 
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. River, for «atan“> but little else ' Fl * 0 ^ 

.. 24, concentrating it 13 ° 101 ph ospborus-32 is below 

"7 "S,S e in“ n SS «"«r may eventually become 
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though the concentration of ^esium h of a curie 
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CnhfLh- meS - tbe leVd iD the Water ' Caddis l!v I ,. 
Columbia river, into which the Hanford ,,l,„r , 

S < : oncentrations 350,000 times that of .. 

75 nnn / “ nc «*rate radio-activity: swall.m, , 
75,000 times the ambient level, because they I,. ,i . 
which have m turn concentrated it from algae « l,i,. , 
have concentrated it 2,000 times above I Ik- i. 
water. Moreover these birds are often migratory 

thl/ thThilhl^F WaS happening in Whi,c ' 

hefn„ h h Wy Ute Wastes dUmped into the „... 

e mg reconcentrated and then neatly packaucl 
patched all over the continent.’ And not only il„ . 

crossed°the ^ < ? u ^ ldess went *° the Arctic or Am,, 
crossed the Atlantic. On a smaller scale insects ,, 

rUTri T ^ ° f 

the form of d d ke W3S getting 38 much loit. 

Irea frTm L 1 , d nS6CtS f W ° Uld have «' ■ 
rea from two hydrogen bombs. However, 80 p,, . 

that muchof^ re t Ck0ned ’ were ^ing eaten by I,, 

WiTh tW a iVlty WaS being carrie d further . 

wh^rWr d “ -T* 4 ,et us proce ed to the . 

what danger radio-activity affords, and what is , 

degree of risk to take. a ' " 

acceptable doses 

Since there is no known safe dose of radiation 
ties, being defennined to introduce fission processes l',' 
find some kind of standard: they do » , , 

S? “-™™.ie radiation as a° norm^'somc' 

sxzxz tr < zSL a ss 7 if :: 

or consuming water with a relativelv hiah rad- 
were more likplv tn ^ ^igh radium conic 

. 7 re 1 Kefy to produce malformed children On to, 
rock the malformation rate rose to 17.5 per 1 000 I 
1 s ’ com pared with an average of 13 2 for thr- i 
area. The rates were 20 or higher in L J 
townships examined. (Errors due to differences in report!,, 


fen# **»tr carefully eliminated.) Similarly, differences 
[ ^ fttMwii for leukemia rates and so on. This background 
| ft unioned at 150-200 millirems a year. So the authori- 
| iU* permissible exposure to man-made radiation at 
1 H**m amount as background—specifically 0.17 rads. 

* •« many people the word ‘natural* implies ‘harmless’ 
I #»**m Mr si ruble’—as in the case of those people who 
odin# ‘natural’ methods of cure, or ‘natural’ fertil¬ 
ity t o, i,l of ‘artificial’ ones. So it becomes possible for the 
$** tied lo dismiss a given radiation risk as ‘similar to the 
f-mI hm kground’. What such a statement really says is: 

I ••idling risk will be doubled by what we propose. If any 
M.iilu>rity proposed to double, say, the number of road 
lie would be condemned as a monster or a mad- 
| « l radiation authorities make such statements all the 

it** Ami since they can’t use the term ‘safe dose’ they have 
pin I I he term ‘acceptable dose’—but in fact this dose has 
jpt#* been accepted in any democratic sense at all. The only 
i| t who have accepted it are experts who proposed it. 

•« inrslion of just how much it is worth paying in disease 
ft 1 mulnlion, in human suffering and social cost, for the 
m dli t of nuclear electricity is, on the contrary, one which 

• •♦‘fitly requires to be publicly debated. In a moment, I shall 

• «im what the price in disease and mutation is likely to be. 

I have spoken in general terms of ‘authorities’ for the 
, *l Ion is remarkably similar in the USA and western Eu- 
i • Most countries have followed the recommendations of 
Inlernational Commission on Radiological Protection. In 
I IS ‘guidelines’ are set by the Federal Radiation Council, 
nit a watching brief by the National Council on Radiation 

• infection. In Britain, the Ministry of Health relies on the 
< ommendations of the Medical Research Council, and sets 

1 T< Is or Radiological Protection Guides. Within these guide- 
iim the respective atomic energy authorities set their own 
limits for their working personnel, but there is no need to go 
into all the details for the purposes of the present discussion. 

• Incidentally the Department of Defense is not bound to 
observe the FRC guidelines.) 

In both countries, the acceptable dose to the whole body is 
i«*t at 0.17 rads (170 millirads) per year. As I shall show in 
ii moment, this is almost certainly far too high on any 
reckoning. 
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pnS'caMf"r Ver - * '» '» 

Posed’ persons can receive TX h t ° CCl,pi ". 

Acceptable Dose Anri dose one hundred lim, 

Ty, invent.^ T"? for »■* - . 

—who can receivel n ? peop e living near an ah. 

we regard the AcceXhfen ** Acce P table Dose. S„ . 
the authorities are n!if °T as acce Ptabie, it is , I, 
able Doses for a Dronort- namb f SU ° US,y authorizi 'ng I In,,. 

that will «,; P C Jhe population-a . 

industrial dose must he ^atomic centres are hmli - 
the impact andThere a re Pread ^ ° Ver the ^ ... • 

ne authorities ^o^y^own TSpIII "" 

" :;rr f in r 

..... Jr «C IJrSta, odtrf "" 2* iS 

which is said to be 30 Tnri’ f Mean Reproductive \ 
.«umu„ K 50 TlT «»— 

have children at 40 50 nr l t , 3Ct ^ at some mt ' n " 

.... .n md „f y ® eh h* of, “J "’*• ' 

genetic defect is consid e reit K « em ' a ’ ma,f ormalion 
who have children a tX ° ffSet by the fact th '" 
lower-than-average rate ThaX y ° U " 8er tflan 30 will hav. , 
the defective children concerned St The 3 Xf Satisfac,i,MI ' 
typical of the bureaucratic Inn 77 who,e calculation 
becomes a mere statistic. pproac > 111 which the indivi,| n „i 

further, it if a^fcMhat ° f - C3Suistr y is earn,, I 

spermatozoa will marrv into^h” 00 * W ' th defectiv e ova 
ing the defect broadly; and thaXhereX' P ° puIation ’ spri '" 1 
small proportion of L pooulation / ' * “ aU n ' ght f ‘” - 
centres) to be exposed to h7h • u S ' 8 ' workers ln atomi. 
rest of the popTtiol is £ Z ’ the risk * 

acceptable amount of geneti c P defeat “ *'1 Wl11 Iead to ;l " 
bon. Again, a third, intermediate erouX Wh °' e pop "'' 
working near an atomic centre ’ 8 £ U ? ‘ S aIIowed for - those 
The .or. of Cco„„ on «f 

0 from r ,“! 8 t?o P ° Pak,i0n 5 





t *• (»« i cent of the population receive 0.5 millirem/yr. 

»*l» )o age 30 

tf» ’I*- population receives genetic dose of 2 millirems/yr. 

*% « Mip average genetic dose is reckoned to be 2-6 milli- 
m-* m or about half the recommended rate of 5 milli- 
p * vi , no all is well. In reality, 200,000 people, in the 
*i# iccciving an overdose, in such a case. Or in the UK, 

»jt* iMM), 

^r«t l from the ethics of this, we do not know how far 
I who are occupationally exposed marry into the gen- 
? * population or how long it would take to disperse the 
iMH'tirrri genes among them. No studies have ever been done. 

Having agreed on Acceptable Doses, the next step is to 
§#*«» on Acceptable Releases of radio-activity and Acceptable 

* -l» in atomic centres. These are calculated so as to pro- 

not more than the Acceptable Dose in the Standard 
This imaginary man drinks so much water, breathes so 
I air, and has internal organs of a certain size. For 
- *m’ purposes he also eats certain quantities of food of cer- 
« n kinds, and has a certain number of medical or dental 

* hivn. Thus in calculating the amount of radio-activity per- 
>ilble in water, we assume it will be drunk by a standard 

M>tn, who will be getting standard doses from air, food, etc. 

■ inversely, in reckoning what the populace got in the way 
i radiation after an accident, it is ‘least-unsatisfactory’ to 
«Mume it consists of Standard Men. 

Unfortunately there are a lot of non-standard men about 
«ml even more non-standard women. There are people who 
inivc had long courses of radiotherapy or numerous X-rays, 
there are people who wear watches made luminous with 
indium paint, who fly in aircraft a great deal, who look at 
television, and eat oysters. Worse than this, there are preg- 
n unt women, carrying foetuses which are especially sensitive 
to ionizing radiation, which has been shown to pass from 
the mother through the placenta to the offspring. Careful 
•ludies by Dr Alice Stewart of Oxford University have es¬ 
tablished that diagnostic X-raying of pregnant mothers raises 
by as much as 50 per cent the risk of the child subsequently 
developing leukemia. MacMahon’s studies in the US give 
dimilar results. It follows that the notion of an Acceptable 
Dose to the whole population is a lot of tosh, not to use a 
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ruder word. Naturally, the authorities have ..... 
case of pregnant women, and made some •• 
tions, but such cases are forgotten in making 
nouncements about the risk associated with a pi.n 
of radio-active waste-disposal or a reactor mr.lmi* 

The extremely chancy nature of the whole ..... 
obvious. When radio-active gas is released h 
smokestack, or in an accident for that mattri, ll ■ «» 4 
high in the air or be blown down to ground l< 
immediately, before it has become diluted. It m.iy to i* 
out to sea, or hang around in still air under a 
inversion. It may be biologically concentrated m 
into some Non-Standard women bearing foetuses • * 

promptly become Sub-Standard. One of the thm 
saved the Atomic Energy Authority’s bacon in ih. f I 
disaster at Windscale was the fact that the wind w.r tt.» 
so that most of the radiation descended in the Irish '• 

Eire, where it was unlikely to be noticed. If there h.» ’ 
an onshore wind, the history of atomic energy in ihi 
try would have been changed. As it was, all milk lnd 
condemned and cows removed from pasture over h. 
of 200 square miles. Increased activity was recorded - 
large part of Northern Europe. 

Let us now turn to the question of what an Act. c 
Dose of 0.17 rads means to those who received it. An «> 
to Dr John W. Gofman and Arthur R. Tam pi in »>! 
Lawrence Radiation Laboratory in Livermore, Califoim. 
will mean, if everyone receives this amount, an addc 
16,000 cases of cancer plus leukemia each year in the l in¬ 
states, some 4,400 cases in the United Kingdom and 
proportionately to population in other countries. 

The fact is, as Gofman and Tamplin remark, that a \ 
scientific justification of this dose has never been prcsmi. 
We do not, as a matter of fact, have the information 
which we can make an informed judgment of the maxirm 
advisable limits. 


CANCER AND THE ACCEPTABLE DOSE 

Gofman and Tamplin have now attempted such a calcula 
tion, on the basis of data which have come in since Hm 
guidelines for radiation were first established. These figun 
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f inn rads will double the rate at which 
, „ „ dose of 100 rads J usua n y taken as a 

.ms occur in a large P P .’ more; Japanese 

I ting cancer may reqUir e between 125 

„ 100. but American figures J ^ ^ rads as 

" “° f r and tWs m casT’ U a hundred rads doubles, 

\ a-’ 

. ■' " kI - Up more sensitive, the doubling 
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tern «***lug only 5 nrobably even higher. 

! O.yrold cancers, the rate is pr ^ ^ nderstate the position 

, i ilicse figures may ( i atency ) in the appearance of 

- ::;Ae 

. > of* work suggests thedoubl 8 ^^ a$ m was based 

i ...dinned by American w ° r ' , d we are concerned 

.^t doses of ^ Gofman leave 

. di 0.17 rads over 9 mom l P calculations. 

... question of unborn children ou f each person 

tty age 30, if exposed to 017 » ^ & 5 per cent 
, ,dd have accumulated ’ there are about 2,800 

, „ „sc in the incidence of cancer^ afe about 100 

.. per million normaUy, ^nd ^ mean 14,000 

iiiilll.in people over 30 “^Saojoup. . 

.ddltional cases a year, in art j cu i aT l y leukemias, in the 

There will be some cas , P tbe figure conser- 

.. 30’s, and Gofman and addit ? 0 nal cases a year in 

vidlvcly at 2,000, malaug 16,000 ^ , q Vietnam 

, 11 . This figure is almost as larg Wales> w ith some 30 

In 1969. In England, Scotland^ wou i d seem to be 

million over-30 s, the c P ite without reference to 

4.400 additional cases. T 9 genetic effects or life 

possible foetal and neonatal deaths, g 

shortening. miTTlpnt „ are often brought forward. 

Two main counter arguments intend that every- 

Flrst, that the authority do n^ ^ one may reply 
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~»"»■ .. 

is a threshold below wh’ P ro 5° und: ^ a.ssrn. »i 

that our earlier knowlpH 1C radlat * on is harml. i i, . 

™.n tee, deriVed *°» •' 

work concerned dose. Z l anUnals ’ whi ^ Al„ . 

exponent o/T threshold W 2 ° r 3 rads .. 

Evans of MIT hut * ln ar ^ urnen l has been Di p 

%»re,te“r; U p'‘" ™ D ' W »*“ .bow* , 

“ >!>* evi* “eTo a 3 St"?- G ° f, “" ' 

appendix carrying thi. w f,r ln 1969 . Im.i. 

r? ■«*« »umber h : f "L^rr. on "■ 

decisive evidence either fnr ’ ^ ^ 3Ct ,s ’ we s " 11 >' 
threshold at very low H ° r agamst the exist. , . 

™h a S,Wd S, *> « l«- .» 

rash to build on it, sincere * lo 5 ated - Until wr ,l„ 

ble damage to many human beh? ° f ^' ng Wrong >» ".. 

raised by their paper, Robert W h f 1SCU u Ssin « ,ht ' ‘l«" • 

Wlth ^e comment: in short °? b “ ScUn . 

used in radiation standards couM me™ acce P tablG " ' 
Present but that cannot he’/, 3 nsk that is •" . 

studies.’ 0t be demon strated to exist by M ,. 

Inlmerica^TSkes ^ from official *. 

West to Denver you xpos/voV' T ^ from 

radiation. So wha^ weVe dl^ f ° d ° ubIed b *<*«.. 

Denver. In Britain, Aberdeen^? V? W ° rSe than movi "r .. 
argument, since the granite of wh f ° r Denver 11 
built is more radio-active thi hri t the , houses arG Wi, 
underlying rock is granitic Bm b Md stone > while u 
would be: we propose to P her Way of Putting il. 

twice their share of exposur^mTh Pe °^' e Wh ° already 

at least those people whodiluk^Z^ ^ $harc A "’ 
free to move from Denver or A h Jf 63 ° f leukemi: > 

to less perilous surroundings—but ™ “ 3S ^ CaSe may 

Immediately" JtaKToSJS ' h ' permi "«‘ 1 '«™l 

ot Way from officialdom, " g£e!,, °" wh,ch “tel 
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* h To reduce radiation exposure tenfold would 
MUhm*. I! might even cost more than the Vietnam war.’ 

mmim *<»ld he doubted this, but it might mean abandon- 
r Iri lor digging harbours and canals with atomic 
? «*• mid Ihc underground nuclear natural gas explora- 

-4 f * #i.»mmc. 

kltHAft and Tamplin sum the matter up thus: These 
PpNmm 'irpresent a set of numbers having as great an 
Kp»t i m Ihc future of the human race as any set of 
rver could. Therefore society must demand, as an 
pm "f I lie very highest priority, that such guidelines be 
■Mutely uhove reproach and question, for the consequences 
4 #••«*! van even mean the deterioration of the human race 
rai lit.* 

I »mm elvably Gofman and Tamplin have overstated their 
§M* i vrn so one is left with the conviction that the given 
**h, .ue based on optimism rather than reason, and that the 
in human suffering need re-evaluating. 

It* V * IDENT RISK 

* let us not underrate the possibility of accidents oc- 
ulng in nuclear reactors, for, while the initial blast of 
luilon and heat can hardly be described as ‘pollution’, 

. Ii of the radiation will remain in the environment—all 

On long-lived nuclides—and this will constitute pollution. 

I he history of nuclear fission to date is studded with 

* Mlcnts, each due either to mechanical failure of safety 
M vices or human error, or a combination of both. The most 

• ent is that near Denver; the fact leaked out that the AEC 
-l ed the government for $45m. to repair the damage. Mi¬ 
nor escapes of radiation are quite common. Statistically, it is 

• i Inin that the power stations of the future will suffer a 
proportion of accidents. Unlike ordinary industrial accidents, 
minor ones cannot be speedily forgotten, for a thousand 
ir leases of 1 curie put just as much radiation into the 
i nvironment as one release of 1,000 curies, whenever the 
half-life is long in relation to the period over which the 
icleases occur. Metals become brittle, under the influence of 
radiation, in ways which are not fully understood, and our 
experience with the highly corrosive fluids now being used as 
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coolants is still very limited, especially at hiol. . 
—typically about 1,000°F K .. 

in ^ 1116 ‘ father ° f the H-bomb*. 

reactor,^ ’one-ZhZ oTe p e T StfSThT 
become critical. • . . A sm^fra^of t ^V/ ’ 

advocate^ "S ™ ler ’ who is well kn„ 

orZZlt f 6nergy ’ has never theless ol,„ , . . 
principle, nuclear reactors are dangerous , 

ntZ'ZT d0 ”2 beIone on "“ ■ 

, f a,read y the case that reactors planned for r ,i,r 

:: * 

spilt, suggested the death-roll mieht^he l !! *""" 

A^'calcuIat^i^^for^a^^O-MW ^ ^ ' 

mooo™ HP' M;: 

sp ' ni ^ - 

present they travel in 7n f S ln S rowin g quantities \. 
described as ‘the most htZ C ° nta ! ners which have I,,. 

bomb, known to n^nThff ° b,eCtS> short of an 111 . 

poison whole dti« rJ^ "° ntam enou « h ra d io-ac.iv,.v 
by air, and leakTh Ra a iVe materials are aIso ship,,. , 

hundreds of peopl^^T / S ° me ° f them e *P"'. 

one ee ri ^. P S.^vTicS“ m iS'” d , ,he 7 *» 
Two million mile, h.d been clocked op by 1962 Wc'" '' 
anticipate several by the end of the century- ‘ 

asly, there is the problem of the growing wastes and 
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ifeiM >>i uranium mines. In America there are 12 million 
ir ' M<llo-uctive sand lying in. uncovered heaps, in the 
Mivcr Basin. They have lain there for 20 years, 
wnihcd by the rain into the tributaries of the Colorado 
h?** miu\ rvcntually into Lake Mead: a water system which 
pl»M*4 water for drinking and irrigation to parts of Califor- 
i Utah, Wyoming, Colorado, New Mexico and 

Mi hh I he danger was not realized until the late 1950s, 
III** h was found that water in the San Miguel River 
MimM thirty times the permissible levels of radio-activity, 
algae and alfalfa were heavily loaded. When the AEC 

• hi k its demand for uranium in the sixties, many mines 
*■**•!. nimply abandoning some 3 million tons of tailings, 

■ untng 2 kg. of radium-226 (half-life 1,620 years), to say 
#- »i»n»K of radio-active thorium and lead, some of it directly 
«i Mvrr banks. Attempts to cover them with gravel and 
h iMiih vegetation are being made, at the instance of the 

• 41 * i Pollution Control Administration, but nothing will 
#< * on them. Altogether there are now 30 million tons of 
i* ■ •lull in the US and the amount increases daily. 

•H I I V-(iULLY 

!. il the ordinary man finds almost incredible about this 
it.»|e business is the degree of deviousness, amounting to 

• »'lt, displayed not merely by the business interests involved 
- which one is resigned) but by public authorities and 

i olieularly the AEC. For instance, what were originally 
> ttiwn as ‘hazard analyses’ were rechristened ‘safety analyses’ 

• uise the latter sounds more comforting. Similarly, the 
M uliological Protection Guides’ are not protection guides at 

• II they are statements of how much additional risk the 
authorities are willing to expose people to. It is the fact that 

• Is an additional risk, which people never had to run before 
••ml which they could, given the chance, choose not to run 
now, which makes the use of the word ‘protection* unjustifi¬ 
able. Such tricks have left in many people’s minds the idea 
that these standards, like those for pure food, say—assure 
absolute safety. 

A similar piece of gully-gully consists in the argument that 
nil industrial work entails a certain risk, so that there can be 
no objection to workers in atomic energy and nuclear weap- 
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ons establishments being exposed to certain ha „,t. 
are three mam twists in this argument, as w. II , 

do ia not°aff' wf’ “ IS 3 different of risk. . .. 

are found , ? .f"®* 5 P° tential of the race. VM,. 

are found to entail a risk of cancer or other (< „,, , ■ 

protection is expected to be absolute, only a I,!', ,,,, 

failure to observe the rules causing exposure. II H,i. .. 

be achieved, the process is abandoned. Second ,,,„ , 

the public are calculated at one-hundredth of the 

aid down as all right for industrial workers. It is 

pubhchas e tn^ hu ff dred COa, ' miners killed > a men the i 4 

public has to die. If it were, the standards would be . . 

ably more severe m the coal industry! 

t . A Fl “ aUy ’ there is the argument that the risks arc i.iHim 11 

J “> price in hum: “ ,i , 

ileariciiv? r “ 110 " ot a few «no in II,o 

f' ." C ' ty?Her ® the argument is often used that the |„. 

t / f S 1S ° n ' y 3 SmaU Percentage of what is an, , i , 

justified oSv a D thiS „ argument ’ ^“ost anything ,.. 

gens Vfood 7 o n n7 T drUgS? Why f ° rbid ^ aces ‘ - 

gens in food, only a few people would die if maresm, 

does not n e d by bUtter ' yeIIow ’ as once used to b" , ,, .. 
does not produce consequences fractionally as serious , i 

radiation, yet we limit that. The attitude we take to 1, ' 

threTl cTn hl 7 neSS ’ qUitC UD,ike ° Ur attitude t0 any ot. 
threat. I can only suppose that this is a consequence of, 

^ Zell tat sniffs ,tr 

r p T,n, diSnfbl'e” 8 ' Pr °“ Pt ^ 

of Zt£oZ‘ tb, tclliu, 
exposure Let us be clear th t ° r P ermissl ^ e radiation 

dZte our risk hv urr™’, ' ha ' " '' 

man-made ri™f,™„ L '•T"'’' creatl "8 .no.li,, 

The r.„o„ forlSgls U, ^“ 8 , s ” h ”r°'"' ,< '' ~ 
chance manner in whictfradiatiorOrits^ as I have'explained!'"^ 
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||g, ...till.", in any given case of cancer or other damage, to 
L , » I,, i tier it was due to man-made or to natural causes, 
it tin iters are exactly 50 : 50 in every case. In short, the 
L,,,, „ i »imply on the basis which best enables the atomic 
Li, authorities to avoid blame. This strikes me as a degree 
4 .iMumikss which is obscene, 
t ii dim more, as Sheldon Novick points out in his book 

. . tints Atom, the AEC poUcy has been to give a small 

t « ,( nuliation to everyone, rather than a large dose to a 
• I tic standards have not been set in terms of how much 
i .Liiiii may be released, as such, but in terms of how much 
„,,e individual would be likely to get. Thus the AEC does 
t#rk to limit pollution: it is apparently, willing to pollute 
* riittic ecosystem up to the gills, worldwide, provided only 

. .. individual, capable of sueing it, can stand up and say: 

, it. what you did to me!’ Thus the pattern set by DDT has 
repeated: every living person on the globe, not to 
million animals and plants, now carries some burden of 
... imilon, as a result of these activities. Nothing can now 
,„„,,|y this. The only option remaining open is: shall we 
udlnue to make the situation worse and worse? 
lo quote Sheldon Novick: ‘It is long past time that we 
i»iill/.ed that in radiation “no measurable damage” eventually 

.ms “just not quite fatal” for everyone.’ And he adds: ‘The 

l IMt e with which the commercial reactor program is being 
pursued at present simply does not allow reasonable consider- 
utlnn of this problem.* 

I he irresponsibility of the AEC’s attitude has even been 
commented on by members of the US Supreme Court, 
ilmugh without much noticeable effect. Justice Douglas, with 
hint ice Black concurring, in connection with the AEC’s deci¬ 
sion to go ahead, despite an unenthusiastic report from its 
own Advisory Committee on Reactor Safeguards, with the 
construction of a new type of reactor at Lagoona Beach, 
Michigan, called its interpretation of the law ‘a light-hearted 
upproach to the most awesome, the most deadly, the most 
dangerous process that man has ever conceived. 

The AEC has a long history of light-heartedness. Thus it 
asserted that fallout from weapons tests in the desert would 
stay where it fell and afford no risk to surrounding popula¬ 
tions. Despite this, a team led by Professor Robert C. Pen¬ 
dleton of Utah observed a steady build-up of cesium-137 and 
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valleys wher e^it rn VaIIeys washed down !»m.. < 

ZzxrszfJXzrs 1 

thThigh vaifey^Nodul” ^ u tW6nty timcs ' • 

glands of children ll? ?egan t0 a PP ear "• 

suddenly decided ?o “ the area ‘ In 

spent in only Lee yeTrs-to PenTt grant - $25 "-‘'"" 
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are to be set im oil TT , St * Air-mom tori nji - 

drainage in three rive/vdlra^k/^ f end,cto " *"< 

studies in animals, plants and soil’ 38 n,ak "’« 
optimlm: S TL 0 L a TEC e aTf ? "* ° f re « 

presented no problem In lQ<n fh^ ,1“^ lhal s """ 1 
possible hazard to tamanl f AEC stated ‘ha. ih, . 
from ‘the ingestion ofT, T Str0ntium - 90 woul,l 

mingled with muscle tissu e n dtring'butSrbg 11 ’ 1 ^^ 

the AEC hadltSiedMv ,• 
important source of stromium- 9 n“ J Ik represented the 
so assumed that iodine Wn« i human food’. Tim 
It has been widely assumed ttf n ° reaI P"’ 1 ' 1 ' 

from nuclear tests and that f » 3t ^ lodme nsk came ... 
underground tests,’this risk had r, ^ n aDning ° f al1 1 

d leton showed in 1962 that cattlIT J ** Professor 

to display radio-active iodl ^ tbeT “ Utah COn(i . 

only come from reactors ani foe. ^ ° f teSttog ’ h 1 
1968 the US Public Health ... • re P roce ssing plants 

showed a much more serious JTT re ' eased fi S ures whi. 
tie thyroids in Georgia, W,‘ | 

the thyroids of human beings too. ““ SUre ft is 1 

situLoTZntinuel for fifty^ h3S Cal . CuIated ‘hat, if , hi 

sr 

the probabiiity is *« - iCrs eLS e r;r m °Lc s ; 
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i#*« Hint the thyroid cancer rate in these states should 
imft** it* tine quite soon. 

>*»« nuldcline set for thyroid-dose by the Federal Radia- 
§b* * mimicII is 10 rads: one calculation suggests that such a 
Ik* would cause the thyroid cancer rate to rise 50 per cent; 
M~ ihat it might rise twenty-fold. 

A« hiir as 1957, the official AEC-Department of Defense 
The Effects of Nuclear Weapons , claimed that 
*i .«» would descend so slowly that half of it would not 
pi«*h the earth for seven years: the 1962 edition of the same 
% *Mmole admitted this was false. Similarly, the 1953 AEC 
Mi mi declared: ‘Fall-out activity is far below the level which 
id muse a detectable increase in mutations, or in inher- 
Ht '■ !* variations.’ Apart from the double think in the word 
i im table*, by 1957 the AEC’s Biological and Medical Ad- 
•iv Committee had concluded ‘that fall-out from tests 
«*Mipleted to that date would probably result in 2,500 to 

• i ooo cases of serious genetic defects per year throughout 
M*» world population.’ 

Murry Commoner from whose Science and Survival I take 
Miimici last facts, comments: ‘It is now clear that the govern¬ 
ment agencies responsible for the development of nuclear 
*» upons embarked on this massive program before they 
understood the full biological effects of what they proposed 
M» do.’ As one of the 3.5 billion people now at risk in 

• mscquence of this irresponsibility, I ask: why are the indi¬ 
viduals who sanctioned these actions allowed to stay in busi¬ 
ness? 

c (INCLUSION 

In the foregoing, I have discussed only the danger posed by 
radiation to human health. But of course it will affect plants 
and animals as well. Much of the radio-activity produced on 
land will seep into the oceans, and the krypton and tritium 
will tend to be absorbed there. Some of the routes may prove 
roundabout and unexpected. Nuclear submarines and ships 
will add their quota. A Russian worker, G. G. Polykarpov, 
has shown that, when the eggs of various species of Black 
Sea fishes are cultivated in water containing as little as 0.2 
millicuries, significant spinal defects occur in the fish which 
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develop from them. So far, very little work of Hit 
been done. The plankton which form the base, oi 
the so-called ’grass of the sea’—is also affected i \ > 

and the possible consequences of this I have di u ^ 
previous chapter. 

The moral of this chapter, let it be clear, i* * 
radiation is bad for you, but that an informed puMi. 
should assess how much hazard it is willing to aavpi 
a background of information about the alternative . | 

energy (and there are many) and their risks if any 

The International Commission on Radiological P 
in its main report, says that the recommended m «- 
genetic dose, coupled with medical exposure, ‘would n..,. 
considerable burden on society due to genetic dam n 
that this burden may be regarded as tolerable and jun 1 
in view of the benefits that may be expected to accnu i 
the expansion of the practical applications of “atomic * * 
gy”.’ When I read this, I ask, with E. B. White: *Whn in 
it as justified? How many people have they asked? (Yu . 
not me.’ 

For a closing thought, I offer an explanation put feu * 1 

by Dr Alvin Weinberg, the director of the Oak Ridge N .m 
al Laboratory, for the ruthlessness with which the dev* i 
ment of nuclear energy has been pressed forward. He ' 
‘There is an understandable drive on the part of men ol v. 
will to build up the positive aspects of nuclear energy simp!' 
because the negative results are so distressing.’ 

I’ve drawn the picture of growing environmental contain in 
ation mainly in terms of its effect on human health bccauv 
that is how the facts mostly emerge: we seldom begin to i.d 
notice until we ourselves are directly affected. But I wan I i 
stress again that the significance of this trend is thal u 
represents a growing strain on the ecosphere. The natm.d 
balances are liable to give way at some point. We do not 
know what point or when, just as we do not know where oi 
when the next earthquake will hit the west coast of America. 
But we can be sure it will. 

Of the imbalances developing around us, certainly the 
greatest and most obvious is the human population explosion. 
It is man who is out of balance with the environment. 

All the dangers we have been looking at derive their 
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Population Limit 


fpg a it io logical point of view, the earth is already 
pointed or nearly so. Nevertheless, many economists 
, « (hut the earth could support a population far larger 
»!•* present one. It seems extraordinary that experts 
i 'I Im divided on a point of such basic importance. 

h arc eminent authorities who speak glibly of a world 
I *ilon of 30 billion, of 120 billion and even higher 
for which they reckon food could be supplied. It is 
i. looking at such arguments, since they are, I believe, 
"v unrealistic and morally reprehensible, inasmuch as 
mislead people into underestimating the problem with 
h Ihe world is faced. 

m you are willing to assume that no sacrifice of comfort or 
iHieing is too great to make, and that technology can 

• i.ii ve anything it wants, then the figure can be put as high 
m you like. You can assume that everyone will live beneath 

ground, in order that the entire land surface shall be free 
i agriculture, and that the sea can be cultivated like a 
h pond. You can assume that all living creatures not actu¬ 
ally wanted for food are killed off. You can assume that 

• pi yone is prepared to eat just enough synthetic food, made 
i mitt petroleum, yeast or algae, to keep alive. You must also 

• mime that unlimited energy has become available, that the 
pollution problems can be completely solved, and the psy- 

• liological problems likewise. Professor J. H. Fremlin of Bir¬ 
mingham University, in a spirit of ridicule, has pushed this 
Higument to the logical limit, where the earth is entirely 
i overed with buildings ten miles high, the farming being 
conducted on the roofs, and half the interior being services, 
transport and cooling. The limiting condition becomes the 

193 













194 


The Doomsday Book 


Selto^ce%e ea cLT UCed bcc " m< • . 
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^ch as that people wdl c2 ^ the nc * ( .. '• 

"W* to eat TST , t0 “ Ve ° n "" 1 - 1 • 

to other things beside S “ d deVote much „ 
ly lower. 8 ' de f °° d Production, the li„,i, . 

by ,he °*™ . 

yields by perhaps three times , area . of lan ‘l; you ,, 

more fertilizer, and so vou ra 7 USlng be(,cr * 

people as now—say 20 bill' SUpBort six tinir* . . 

increasing yield, by , fac ,j! culiivaie.l „„ „ 

present population. If VOu are ^ ’ g ! VIng you ei S h( Mm. n 
fessor Colin Clark, the doctor eUph °" C ' ' 
m Agricultural Economics at ^ for «• 

the cultivated area by sir timf ^ 7 ° U talk of " " 

amount, and also declare that ^ yie,ds b y « . 

on 1,600 calories a dav ihf 170116 cou ld be made , 
People are dying of avera ge in India. 

which the FAO thinks thf StCad of the 2,400 
tuent ^ the minimum for adequate . .. 

who argue in is onl y econo,,,,.,, 

ignore the sociological problems terms —complri. i 

about: in reality there S? ° f , brm @ n « such chan,... 
of the kind occurred. CcomS ® before *"*»••"■ 
factors, such as stress. ThZ evS, * 7 ' 8n ° re Prolog,, 
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IfeM m»* p«, such as rubber, fibres and wool and the 
foods, such as sugar, coffee, tea and fruit. Some 
fv#m Ignore the question of protein. All of them 
ppf i,-Melons of ecological imbalance, caused by these 
- tt.and climatic consequences. 

• m mi which bedevils all such calculations is expressed 
*4 f<hHi«c ‘other things being equal’, a phrase which 
*#» ••• Mils an unrealistic argument is to follow. But the 

■ i .vology is that other things never are equal—that 
* out bed. The agronomist calculates what the acres will 
( fHven that the hydrologists can find the water and the 
i t mi produce the fertilizer. The hydrologist declares 

* Mil find the water, provided the agronomist does not 
■ • iiiy more land. The engineer says he can provide the 

provided no one objects to the radio-activity he will 

t id ve a pertinent instance, it is believed by many food 
fr*-'* * hat the quickest and most practical way to raise the 
-in Intake of undernourished peoples is to add fish- 
••III rites to their cereal diet. But a recent study has 

* n that concentrating the fish concentrates the radio- 

• it y -due chiefly to polonium—to the point where such 
• lit rates are becoming unacceptable. 

4 ml in all this, general amenity and quality of life is 

• wlered least. A recent article on whether Britain could 

• provided with the water which will be needed by the end 
•In* century, concluded that it could certainly be arranged. 
amiiIcI mean throwing a dam across the Wash estuary at a 

• of <£800m., and another across the Solway Firth. It 
* probably mean damming the River Severn and 
“inping the water over the Cotswolds into the Thames, to 
TPly south-east England, where many new reservoirs would 
1 m have to be created. (Where?) And of course, the Lake 

i ihtrict, where Wordsworth walked, would have to be sac- 
. Bleed, all the lakes being dammed and filled to the max- 
niiin and emptied during the summer to provide water for 
• lie industrial north. To anyone but an engineer, the price 
uns a little high. 

But even on these artificial terms these arguments are 
i r mote from reality. Can the cropped area be doubled? Can 
yields be multiplied by four times? To arrive at a realistic 
« onception, let us briefly explore these points. 
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Large areas of the world are uninhabited, i*» i • 
from an aircraft it is easy to suppose they 
veloped. But the harsh fact is rather more tl • 
land surface of the world is either too cold, i 

rough or too steep, or too inaccessible to . . 

methods available at present. 

As one writer puts it: ‘Only about 3.3 Lilli * 
world’s acres are really cultivable: this represent * 
per cent of the total land surface. Another It) p 
marginal land which would give, at the best, only p 
of progressively more expensive food. . . . Thus Ini i 
seeable future we can take it that we have to cat nit 
more than 3 billion acres.* 

This is perhaps over-pessimistic. Conceivably, son.* * 
land which is too cold could be made available for p.» < 
climate control before the end of the century, Mum, «*4 
shortness of daylight would prevent it being used lm 
and a climate change might well reduce yields in otln i 
Of the 15 billion acres (6,199 million hectares) wl»i 
UN reckons is open to use, about one-fifth is agin ni*- 
land, the rest is pasture or reasonably accessible Inn i 
increase the crop acreage, you would have to plot if l> 
pasture, and to replace the pasture you would have i» \ * 
forests. 

Dr Ozbekhan of the RAND Corporation maintain* n 
the cultivated area could be increased to 9 billion aen 
ploughing up one-third of the pasture and felling one qn n 
of the forest, which would cost about $2,000 billion to do u 
reckons. But forests are needed for wood and wood-pul|> ... 

also play a vital role in water conservation, so there is a li . 

to how far one can sacrifice them. (A synthetic substitute i 
newsprint and paper would help, of course.) Felling tl»*». 
would also cut the oxygen supply. Furthermore, it is comm... 
delusion that because tropical jungles are lush, the soil nun.* 
be good. In fact much of it is laterite, good for makim 
building blocks or road-surfacing but scarcely for agricultm< 
though it will support bananas, rubber, coffee, sugar can* 
etc., if carefully tilled and drained. Very permeable soil 
notably sand, become too dry in summer to support crop-, 
Some clays bake solid, and when wet are too gluey for root-, 
to penetrate. All soil must contain humus—broken down 
organic matter—both to provide food and to preserve the 
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that of the Arabian desert win 

"> per ace, 
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‘housand ioUe&f 1 

quantities or anywhere ® r ..„ , apply 'nul, 
America. To anriy ferHuZ^f [ CSS SO A '""‘ - 
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I *«HMl 

* - Hi«ur thus: the amount of plant life which the 
i .» iinin depends, in the last resort, upon the amount 

* -t.itir (ailing upon the earth, because solar energy 

i i * i I lie photosynthetic reactions which enable plants 
'Mid themselves out of simpler materials, chiefly 
MM, Mill mIcn and carbon dioxide. This solar energy is 
0 *♦»**! to 2.5 billion h.p., but one-third is immediately 
•! mid much of the rest is reradiated before it can do 
43 h , t*Mt( synthetic work. Only 0.04 per cent actually goes to 
11 10 metabolic processes of plant growth. This 
s mi of energy would create, every year, about 410 billion 
• of plant matter—much of it inedible, such as trees, 
pi 1 lichen and so on. According to Professor LaMont 
i who is the deviser of this calculation, about 120 billion 

* >.i 'consumers’—such as animals and men—could live on 
A* • notable matter produced. 

Mm exact quantity of vegetable-consumers which can be 

• potted depends on food habits—the length of the food- 
iu For instance, for every 1,000 calories of energy em- 

♦ *. Hr* I In algae, the small aquatic animals which live on algae 
t Ml Incorporate about 150 calories. The fish which eat them 
dill < x tract about 30 from the 150, since some of the energy 

ill go to maintain the fishes’ life processes, and another part 
f what is eaten will be excreted. A man eating the fish may 
v nthesize about 6 calories’ worth of fat or muscle. But if he 
mIi a trout, which lived off the smaller fish, the yield will 
•hi Ink to 1.2 calories. The moral is, if you want to support 
i hr maximum human population, keep the food chains short, 
i*i every link wastes energy. Some food chains have six or 
Mwen links. The most efficient course would be for man to 

• 1 1 ‘planktonburgers’. (The full picture is more complicated, 
Mtice we have to allow for parasites, faeces-eaters and other 
variations in the normal pattern of the food-chains.) 

When all is said and done, Professor Cole considers, man 
-even if he shortened the food-chain by eating only plants 
-would require about one per cent of the total plant-growth 
of the planet, including the plankton and the timber. T sus¬ 
pect that the human population is already so large that no 
conceivable technical advance could make it possible for all 
mankind to live on a meat diet,’ he says. On this basis 
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# * MhhmiI nx long as the fuel lasts out; sooner or later 

m will necessarily drop to a level much lower 

# n u .1 mnlter of policy how far it is wise to use up 
H***# itMources. Do we really want to maintain the 

=.» .1 biologically unnatural level by using up capi- 



| |!m -MMy of nuclear fuels may enable us to postpone 
P 4#)f by a great many years—by which time, say the 
mm «Mll further discoveries which we cannot foresee 
K& u,h situation. No need for us to worry. 

v • been many forecasts that the world would run 
4 i \ nlI of which have proved wrong so far, since new 
t fuel have repeatedly been found. I don’t doubt 
• M M could continue for thousands of years at least 
m Mining bankrupt of energy. Long before it did so 
rt -*M upset the earth’s heat balance. It is certainly 
jH*«4 however, whether we can tap the new sources as 
»» • l “ demands of a mushrooming population require. It 
| - **if Inmgined that the invention of atomic energy has 
l ill foreseeable problems, and it has constantly been 

# .i a leacupful of uranium would propel the Queen 
iH across the Atlantic. The facts are very different, in 

# ■ Only 2 Vi per cent of the fuel is utilizable. The 
fmigo for a 600 MW reactor of the kind now being 
- about 320 tons of uranium, costing $6,400,000 with 

* hri 60 tons a year, on average, for topping up. Sup- 
• d uranium at current prices—about $5 to $10 a lb. 
expected to run out in the mid-1970’s. Lower-grade 
•« can then be developed, however, provided people are 
mu fo pay double the price, but this would make uranium 
•M Hiiomic compared with coal and natural gas. 
i • mendous sums are therefore being spent—the AEC has 
i• Iy spent $400m.—to develop ‘breeder’ reactors which 
make the needed uranium-235 from the more plentiful 
iilum-238, a process which also makes the deadly plutoni- 
M9. But the engineering problems are fantastic. Liquid 
Hum is highly corrosive and bursts into flame spontaneous- 
-I it touches water. For safety’s sake magnetic pumps have 
• «mi used in pilot plants to pump the sodium—but these 
■' i* proved inadequate for scaled-up installations. It may 
•••I another $1 billion to produce a successful ‘breeder’ and 
risk of major accident in such plants will always be se- 
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vere. I shall be profoundly surprised if ilin* - 
infernal machines producing commercially 
of electricity as soon as 1980. 

But in the long view, the growth of i a -1«. • ■ a 
nation and thermal pollution sets limits win-1* 
out maintaining the kind of populations ami l. ■ 
trialization currently foreseen for the open In r •« 
twenty-first century, unless we are prepared t«» i. 
higher leukemia rates etc. Only a technological 
od of disposing of radio-active wastes could ma 
larger populations foreseen for 2070 possible. 

In the meantime, it seems folly to run down 
resources banking on the performance of a i 
miracle to save us from eventual bankruptcy. II il»n 
energy, it is even truer of other resources. Nul l 
and some other metals are already in short supply n j 
the raw materials we need, none is more critical n m 
phorus, an essential constituent of DNA, the ini .< 
carrying molecule which programmes cell-growth 
sion. About 1 per cent of the dry weight of the hum 
is due to phosphorus. At present we discard enorim.- t i 
tities of phosphorus in the form of sewage. The 11 
down to the sea 3.5 tons of phosphorus a yeai 
mention 10 million tons of fixed nitrogen and 100 i- 
tons of potassium, the three main components ol t •. 
Ironically, we then collect the excreta of birds, umt 
name guano, and expensively convey it to farmers in i 
the loss, but this meets only 3 per cent of it. 

A corn crop at 60 bushels to the acre removes 10 p - . 
of the phosphorus in the top 6 inches of soil, and iln 
farmer must replace. This is why Cole observes th.it i 
phorus is the critical limiting resource for the function u. 
the ecosphere.’ The earth contains plenty of phosphnn 
the form of phosphate-bearing rock, but the concerntai. 
are low, which makes it costly to extract, while much of i 
rock is buried deep until volcanic upheaval exposes it. 

Another limiting factor is sulphur, required to make p 
teins, and usually applied to crops as ammonium sulphate 

Looking to the far future, some physicists contemplate n 
day when we can construct every kind of molecule we w.n. 
from the basic atoms. Professor Harrison Brown declares i 
can be shown that man could, if need be, live comfort abb 
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I it »i.u -Into An estimated yield of 3,000 lb. of grain per 
f h i the state’s 92 million population, whereas at 
m* hi *i I I it 11 of 72 million tons is foreseen for 1990. 

t§ doubt whether a fertilizer application at a modest 
i ^ i » m re would really bring about such huge yields 
4 §1 i Mi i 1.5 million tons of fertilizer could really be 
jptf * bom the low-grade rocks and sources available.) 

v it is highly important to decide which party is 
things are immediately clear. First, there is no 
I- ison why the world should not grow enough food 
m billion people or even more, eventually. Technical - 
* <*= is no obstacle. 

ffc i'Mihlem is entirely one of time. Taking into account 
onomic and social difficulties, is it likely that the 
i i -ill expand output as fast as, or preferably faster than, 
silini expands? That is the issue. If the world population 
> - seven billion by 2000, but we do not produce food 

• number until 2010, that means famine. Consequently, 
m u Imvc to take a view on how fast we really think the 
i dallon is going to grow. 

- mlMU.ATION FORECASTS CREDIBLE? 

seriously are we to take the prediction that world 

* * uliition will rise to about seven billion by the end of the 
wliiry? 

IVoplc often think that these projections are made simply 
drawing a graph of past data and extending the curve by 
Such a method can be justified for short-term forecasts, 
•• n the curve is mathematically regular, the commonest 
-i miccs being when it is a straight line or a curve of the 
mi pound-interest type, known as an exponential curve. If 
mi invest money at 5 per cent compound interest, it will 
i-Miblc in 14 years; at 2 per cent it would take 35 years. But 
*!»r population curve up to now has been more than ex¬ 
ponential: the rate of interest, so to say, keeps increasing. A 
f* w years ago, the doubling time was 40 years; now it is 

• town to 35 years, i.e. the growth rate is exactly 2 per cent. 

However, demographers can do better than this. Popula¬ 
tion growth really depends on the number of females bom 
mil whether they eventually have families. If, for some 
Miiange reason, only boy-babies were bom from now on, 












206 The Doomsday Book 

eventually there would be no women left rn| »«»!•!■ 
children and the population would rapidly <1 1 

however high the birth rate this year or next \■' » 

is really whether fertile women are replacing H.*m# 
Variations in the proportion of the sexes, and v ♦ 
of women who actually have children, and win n 
them, must be taken into account. A figure known • •» . 
reproduction rate can be calculated in this w,i\ i» 
better to look at each country separately, i.«I. .> , 

probable population growth in the light of all il». • 
facts, and then to add all the countries in the wmld 
Demographers do all these things. They also mnk» 
predictions, based on varying assumptions. Thus Hi t 
Nations produces a low, median and high forecast. I«« 
different assumptions about how much effort will l»« t 
birth-control and population planning. The low assum* * 
progress in introducing birth control by 2000 and !"• 
world population of 5.3 billion; the median is *> 1 ! 

but if the trend continues as it is going, the ligun t 
billion. 

These predictions, published in 1964, have already t * 
too modest. World population today stands well a ho 
‘high* curve on the UN chart. The fact is that all popni 
forecasts, without exception, have proved to be too low. . 
when made by people anxious to prove the existent *• • < » 
population explosion. Fairfield Osborn, of the Conscn > 
Foundation, in his book Our Crowded Planet , publish* .1 
1963, described how one widely accepted projection ol 
US population, made in 1938, concluded that Am* 
would reach a peak of 140 million in 1969 and then do l< 
another thought the peak would be 154 million, but wo.ii 
not be reached until 1980. By 1947, the peak was being i 
at 165 million. Osborn himself then hesitates about a m 

estimate that the figure would be 200 million to 300 mill. 

by the end of the century, commenting ‘This seems an < 
treme view. ... It is sufficient to take the now gencralb 
accepted opinion that our population will reach a figure ol »i 
least 190 million by the year 1975.’ In reality, of course, tic 
200 million mark was passed in 1969, and the current foiv 
cast for the year 2000 is 350 million at current rates of 
fertility, or 290 million at reduced rates. 

Many people seem to have a built-in fear that the popula¬ 
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gKN«^r|.Hnn will only exert a small effect—perhaps a 5 per 
| -In. lion in the over-all growth rate. In the United 
hmt lm instance, the size of family which people, on 
i * prefer to have is found to be either three or four 
m* m I hus even if contraception is universally available in 
* » * i hr population growth rate will be at least 2 per cent 
, .mn. In Great Britain, the figure is a little better: 2.4 
!mm» per family. In oriental countries, where preferred 
it* *i/c is double or treble this, contraception will have 
r»t i. ^ effect. (For many countries, there are little or no 
mu preferred family size, and it is urgent that it should 
inhered.) Unfortunately, it is not the case that, when 
#*•<1 h me poor, they try to restrict the family to a size they 
• afford. Sometimes they hope their position will improve; 
* .Himes they see children as an asset, able to work in the 

( I • - or support them when they are old. There is thus little 
fc r“ iliat the provision of contraception will, of itself, make 
* I* Impact. The prime need is to convince people that two 
ft tin best family size. 

I line therefore seems no escape from the fact that, short 
pl«Kue or nuclear war, we shall have to feed a population 
• ! about 7 billion by the year 2000. 

I be observation that all the people who will be over 30 in 
year 2000 have already been bom draws attention to the 
••normal and highly inconvenient age-distribution which re- 
•lin from rapid expansion. It is already the case that in the 
mi In -developed world, about half the population is under 15 
‘ »is of age. At the same time, improved medical care 
mi leases the numbers of elderly people. Hence in the year 
ooo, less than half the population, those in the 15-65 age- 
iMoup, will be carrying the majority on their backs. The 
iMoblems of providing schools and teachers become immense. 
In some African countries, already, despite unprecedented 
programmes of school-building, the percentage of children 
M t civing education is falling: children are bom faster than 
•chools can be put up to receive them. 

This is why during the past decade, although the illiteracy 
tair has declined, the actual number of illiterates has actually 
Increased by 70 million. In 1970, out of 2,335 million adults 
In the world, 810 million (34.5 per cent) will not meet the 
minimum standards of education. Since some education is 
needed to employ modern farming methods, or to work in 

i 











^ uo °msday Book 

African primary schools Th ^ ch as 6>( P«*i .. 
won and could still very eas^be T f ° r '" r ' 1,1 » 

The problems created bvth" ,,N| " '' 

c,a stance of t he „1£ 6 youfh - b ulgc «... , 

^owth rates generally CanS S - Created by »'•«»■ , 

population could be devoted Sf - In y estmen ‘. vvf„.,, 
mprove the standard of ; vin ° “ duStria,iza 'i<-n. «... , . 
*ng more of the basic g ’ has to be clevoi,.,i , 

transport and so on The'Trf S ~ SCh °° ,s ’ hospj,.., , 

growth frequently Assert advocafes °f un/imi,', 

t0 econ °mic advance and n ?° f pu,atl ° n growl h is m )M( 

Present explosive y ’ . perha Ps, be stimuli, 

tough on existing populations ”!^ ** , eCOnomic •!>„',! , 

^ conti-oi ifdTm;,::':," 

.. 

. 

t'onomic',,™”^ S'.” “«• I>y distorting'the 6 s, 

S^rs? - * 2 : a 

obs, “ fc - <* —•-‘tSiTS 1 ;.. 

PROTEIN shock 

£He”£ S .»‘»^ tar?,T^” 11 “ «■ 


"I* 


4 


The Population Limit 211 

£ *Hi, n doubled world population, a doubled output of 
* il mrrcly mean that 30,000 people a day will be dying 
in iiinn instead of fifteen, unless some drastic redistribu- 
i ! • * < ‘*n rich and poor has occurred. To ensure that all 
P * - *i»i«tcly fed by then calls for something like a tripling 
I * d output in thirty years. This means an agricultural 
f nde approaching 4 per cent per year. But let us look 
■*” problem more closely. 

* '<• first place it is necessary, broadly speaking, that the 
M « i" produced in the country which is to consume it. If it 
pi transported long distances, this will make it unrea- 
^*«My expensive, especially as transport systems are ill-suited 

• new, and shifting, patterns of surplus and shortage 
?*' i! «rc developing. Thus in 1968 India had a surplus, but 

• .a shortage of wheat. Needless to say, there are no 
jP links between these countries, which are separated by 

* Himalayan range of mountains. Furthermore, the needy 

• 'i«v may lack the foreign currency with which to pur- 

* hi rpluses, as is generally the case in South America, for 
** u, icc. Nor do developing countries have the vast storage 
** 'W™ which have been built up in places like Canada and 
*« \ IS, 

I hr coming years will inevitably see ‘surpluses’ of certain 
•ducts in some countries, with shortage of the same prod- 
' elsewhere. This kind of imbalance can also exist within 
< "iintry. As agriculture becomes more mechanized, labour 
displaced and must be found work in industry, if the 
Hviduals concerned are to have the wherewithal to buy 
-d. It follows that, unless industry expands pari passu with 
i ^culture, starvation and surpluses will both increase, unless 

• f surplus is given away. Industrial products will also be 
• rded to provide exports in a world of food surpluses. 

* hi fortunately, there is nothing equivalent to the new strains 
t wheat and rice which will double the yield of industrial 

••Miccms in a single year. The new strains, therefore, may 

• •••ate as many problems as they solve, and prove a very 
mixed blessing. Industry must be expanded in the developing 

* mintries. 

A further difficulty arises because, as incomes rise, people 
1,0 not simply buy more of the same basic foods, but begin to 
branch out, first probably asking for meat and a variety of 
litut and vegetables, later for preserves and so forth. At the 
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displaced from the mother’s brJ d ?' e,oped the disc,,,. „ 
iorkor leads to permanent sW b , y a . second <*iM I 
tion and eventually death It alsot aSS,tude > mcn, 'l " ' 
infections, as blood globule fail! the victiw **»<•«• 

by the fact that 20 children per j om^- means '■ - 
die in ‘have-not’ connfn’oe P m the 3-4 age r , 

countries.* Though the With 0ne 

known, calculations based TimpTon , Pr ° tein is 
frequently made by economists. P Y calone -values ar, „ 

shouId^r^teLT" L P Xt Tre T** ^ WOrd . 

proteins. All are made from the k - USands of di "-'. 

ammo-acids, of which there Tre ah o? f T CaI UDJ ' ts *"«»» ' 

m varying sequences. Plants contdn Y ^ arra "K"< 
for the most part low in certain -° me profein > hut .1 , 
which human beings need (e ^ Wl 

suitable proportions of these amirTT 2 eggS contain nx>,r 
high-quality protein. Some plTTs 2’ “ d ”* kn ° Wn "* 
other pulses—also contain hLTV ' 5 ' peas ’ nut « and 
advocate a vegetarian diet for thof 7 ? r ° tein - 171086 wl.„ 
allow for the fact that these W h T mUSt therefo '< 

to to ,S£ , T^ an :; 
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[ 3 *•«•! irccntly when it was suggested that missing 

U • might be added to cereals. Experiments are 
K •!***» In enriching grain with the amino-acid lysine, but 
i • » Published how far enriched grain can act as a 
flpte i mi mmt protein. 

{ r ‘.iik hat me, the director of Statistics of the Food 

I ». •Mine Organization, has produced a paper based on 
§m ? nn one state in India which argues that the protein 
NW 1 been greatly over-stated, since, if really ade- 
i of cereals are produced, their protein content 

£ t* in» lent to meet most basic needs. This may be true 
ito where starchy roots are not much eaten; it is 
i*t. im he true of Africa, however, 
ft •« wlm pin their faith on the normal practice, meeting 
if* ••• • (Im with meat, fish and eggs, must allow for the 

* »!.•( . ows, sheep and hens consume vegetable matter and 
$**’ imssland to live on. Again, some economists are 

when they calculate how many people could be sup- 
pttfl mi a given land-area, of overlooking the fact that a 
Khi • i Uhi of the land must be devoted to these secondary 
. '• They also overlook the need to devote some land to 

Y ag Niigar, coffee, tea and even grapes and hops, if a 
urthly agreeable diet is to be available. And to this may 
Mcil the need for wool, rubber, sisal, timber and wood- 
* uni other non-food items. 

' Mimal protein, too, is relatively expensive. To bring diets 

• •I vc not countries up to the basic minimum of 20 grams 
• ■/ ) a day would raise the cost of the poor man’s diet by 
thirds, small as the amount is. 

Hip task of providing adequate protein will, I believe, 
m igc increasingly as the important issue in the years 

*»,* ml, 

I here are other difficulties which optimists leave out of 
it calculations. Thus, it has recently been found that when 
»l>lc are receiving a good protein diet, they consume their 
• ks of vitamin A much more rapidly, so when protein is 

.dc available to under-nourished peoples, vitamin A defi- 

»i mcics may suddenly appear. The health of the respiratory 
kI, the stomach and intestinal linings, and the surfaces of 
die eye depend on vitamin A. Obviously this vitamin must be 
iilvcn along with the protein. 

There is no need to describe all the other vitamin and 
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r »« b*wu the wadis in a single day. In many areas, 
fiMIIMtiylku and Kenya, water-erosion is interspersed 
1 nIioi luges, so that wind-erosion occurs while the 
In Nome places, the Sahara desert is advancing at 
Pn f» yintr. The productive capacity of South African 
MMimI Noils has been reduced by 30 per cent within the 
■ ft*! y***rN, 

MtHtullMg land can accelerate erosion. An area of forest 

{ «* i oiy ('oast, which had been cleared, lost 93 tons of 
< lure in the first year, compared with 2.4 tons lost 
NwighlM miing uncleared forest. In the following year, the 
pMiiiMM* were 28.7 and 0.03 tons. Overall, Africa is 
*•# 100 million tons of soil a year and may be unable to 
i lu population in only 15 years’ time. 

ureas where erosion is serious include the Punjab 
I* » Mi ngal (with rainfall over 90 inches per year), the 
1=. dulh of the Andes in Venezuela and Colombia, and parts 
•4 M* *i/II and the Argentine. The very climate has altered 
b -h humid to semi-arid in SE Asia and the Amazon basin, 
Jti-h lo soil erosion in headwater areas. China is probacy 
#«••<(In' i instance. 

Ml I his is due to man. Before man came the rivers moved 
• » billion tons of solids to the sea annually; now the figure 
N M billions, 2Vi times as much. It is only in the last decade 
''. o world-wide soil-erosion surveys have even been made, 
n. ucale of the problem is still not generally appreciated. 

Wilh erosion and all these other difficulties in mind, let us 
* • v lo assess realistically the prospects of averting malnutri- 
Mimi and undernourishment during the next thirty years or so, 
•holing as we do with 80 per cent of the world’s population 
undernourished (i.e. short of cereal) and one quarter of 
1 1 trite also malnourished (short of protein). 


I Programme m^ ,S f ° f "* .. 

I Erosion- , 

“ s'°r® "p , r ens b y . .. ; 

*■ <&£££***&£?, . 

SSS ST“, "• 

Another wav «f e , "" 1 

carried down to i measun 'ng erosion is bv th- 
millions of^„h- * h Sea by rivers. For thl ^ mounl 
392 4 f , b,c yards, i s 5 2-lh,,?* Se,ne ‘he 

S3STE 

opsoii everv f Some of which £ 7 ? than ha " 


l Ml' PROBLEMS AHEAD 


Towards the close of 1969 there was a spurt of optimism 
when it became known that, in 1968, while world population 
increased by 2 per cent, the output of food, over the world as 
n whole, rose by 3 per cent. It was the first time for several 
years that the figure of food per head of population had 
shown an improvement. 

But a closer look at the figures shows that optimism is 
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uli recently. Halibut fishing between Norway and 
if** vanished. Fish congregate mostly over the 
.» •ImIvcn, where the plankton are numerous, thanks 
ini** w unhcd from the land. In the last decade no 
F . .. .»(* in the yield of fish has occurred, and in the 

# ii has actually fallen—chiefly as a result of man’s 

^ 4 # m«* ig the environment. The idea that the deep oceans 

.d with fish waiting to be caught is a landlubber’s 

Inormous wastages of stored food due to moulds, 
^ Mr mild be reduced. Wild animals from the hippo (‘a 
m t Mik nf edible pork’, according to Lord Ritchie-Calder) 
.*igu antelope of Russia, which tastes like mutton, 
pi • * hunted for protein: even the giant African snail, 
f*>» in* la’s across its base, has been proposed as a source 
= t* ‘ hi All this could, and should, be done. But will it? 
hNmi' dly, no doubt—but the pace at which things are now 
0 t»«p dues not suggest that it will be done in the limited 
m* sv mII nble. People are reluctant to change food habits 
ip *111 even starve rather than do so. Some American 
*#■ -m of war in the Far East died because they would not 
The same thing occurred two centuries ago, when 

* •into was first widely introduced in Britain. The peoples 
*t developing countries are no different from Britons and 
hi fi* tins in this respect. ‘It is my opinion,* says H. F. 
fcuison, Vice Chancellor of the University System of Geor- 

iliiit these most difficult decisions . . . will not be made 


h. Mine.* 

Ii i* a natural and sensible course, for any country trying 
«i mud food production, to attack first those areas which 

• ii «lve the most rapid return—to plough good soil before 
filing on the poor; to bring water short distances for 

Million before bringing it longer distances; and to concen- 
>•. on those crops where yields can be raised fastest. So, as 
mi passes, the situation gets tougher and tougher. The 
• i Movements in output which were seen in 1968, and which 
•i v continue to be seen for several years, reflect this policy. 
I* h later on that output will increase ever more slowly, while 
opulation increases ever faster. The high-yield strains only 
nggcrate this contrast. In my view, therefore, the crisis will 
♦ml come in 1975 but will become more and more imminent 

• *> wc approach the end of the century. If, on top of this, we 
I i i ve a steady worsening of the climate, and if radiation 
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Copulation Crash: When? 


ri in four or five Sika deer were released on James 
m« i, in ('hesapeake Bay, half a square mile of uninhabited 
- >i y less than a mile from the shore. By 1956 the herd 
i * Mullt up to nearly 300, when John Christian, an etholo- 

# who believed that animal populations are regulated by 

* »*.»msms which respond to density, moved in. He did not 

i**o long to wait. In the first three months of 1958, over 

* Hhe deer died. The next year, deaths continued until the 
t illation levelled off at about 80. 

Mils is about normal for a population crash: it falls to 
mul one-third the original level and it does it fast. The 
-i into resting point is that the deer, though crowded, were 
<♦ * hh crowded as all that: the density of population was 
hi one to the acre and the food supply was perfectly 
I* quale. Twelve dead deer were collected for close exami- 
*Hon and seemed to be in good shape, with shining coats 

• i fat deposits between well-developed muscles. Why, then, 
•«l 190 deer died? 

< hristian had shot five deer when he arrived and made a 
■iv thorough examination of them; in addition to weighing 
'linn, recording the presence or absence of fat, and noting 
III© contents of their stomachs, he made miscroscopic exami¬ 
nations of the adrenal and other glands, and the main organs. 
Mo also examined deer taken in 1960, after the die-off. He 
••non found that the adrenals were much enlarged in the deer 
which died during the crash: 46 per cent heavier than in 
those which died in 1960. In immature deer the difference 
was strikingly greater: 81 per cent heavier. Abnormal cell 
•tincture in the adrenals of these deer confirmed the idea 
that they had died from stress. For adrenal glands enlarge in 
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I *♦-»•» there is plenty of food and the number of 
ijptt .« i* no larger than usual. (They show stress symp- 
i |*#**ivcr.) Similarly, mice kept in cages at the Univer- 
) * Wisc onsin fluctuated in numbers although there were 

* -• * «•*»ithey had plenty of food, and seasonal rigours 
■ m* hnlcd. 

Mtnlogists have studied how animal populations are 
t t.,\ |t has emerged that animals have evolved many 
for avoiding increase to the point at which 
UpM «uhii takes a hand. For instance, flour beetles, when 
m* i*-*l, produce a gas which is lethal to their larvae and 
--*•* '* i-i also anti-aphrodisiac. Many species of animals, from 
fet •ml crabs to rodents and lions, kill or even eat their 
r e when conditions become crowded: infanticide was also 
fi titl'd by primitive man. Dr Hudson Hoagland of the 
* . iter Foundation declares: ‘In all species experimentally 

isi «H gated, the mortality is found to be dependent on popu- 

• density and to cease below a certain critical population 

*► Mtlly.’ 

i ho current view is that population explosions occur when 
< -• various methods of regulation break down, and then 
•«** population may expand to the point at which starvation 
*M»'*mcs the regulator, except when the pressure can be 
-Moved by migration. If, however, the rapid growth of 
r pulation leads to serious crowding, stress may prove to be 
♦hi* limiting constraint. It is when no space is available to 
■I'M’ ltd out that starvation becomes significant. The panicking 
^minings are seeking more space, as they desperately try to 
•wlm the ice-jammed rivers and drown. The locust, having 
-«irn all the food, moves on and only meets his doom when 
m» more food can be found. The Sika deer could not spread 
out. 

Man is in no way exempted from the laws of population 
growth. He has rejected the practice of infanticide, but he 
tins, up till now, been able to expand into new territory, thus 
n voiding the build-up of stress. But now expansion is becom¬ 
ing very difficult, while his preference for living in ever-larger 
* ities introduces a new element into the situation. Is it now 
likely that he will be constrained by stress more than by 
siarvation? In either case, biology suggests that the popula¬ 
tion will not merely press against the limits, as Malthus 
supposed, but will decline catastrophically. Unless something 
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If l*t* Mmuldcred the other element in the situation: the 
|§M • i «ilics. Professor Kingsley Davis, head of the Inter- 
; Population and Urban Research Center at Berkeley, 
w#'m dial by 1990 more than half the world’s population 
R 4 living in cities of over 100,000 inhabitants. In the 
> <m between 1^20 and 1960, the world’s urban popu- 
t • -bdlncd as living in towns of 20,000 people or more) 

1 but its non-urban population rose only by one-third. 

I *«*nii y dwellers outnumbered town-dwellers by 6.4 to 1 
# 1 by 3 to 1 in 1960. By 2000, town-dwellers will out- 
iPifet i mm try-dwellers. ‘Neither the speed nor the re- 
• "f this evolutionary development is widely appreciat- 
t I** buys. In developing countries cities are growing at a 
4** 4 lug rate, far outstripping the city boom of the nine- 
4 n< *h «« ntury. The biggest spurts have been in South Ameri- 
* - bare 21 million now live in cities of 1 million or over — 
3 • »,M) none did so. The doubling time is often around 15 
i * sometimes even faster. Thus Caracas, which held 359,- 
* 1 people in 1941, had 1,507,000 in 1963. Sao Paulo, 

« »b held 879,000 in 1930, is 6.9 million now and will be 
* million, it is estimated, by the year 2000. Russia now 
i J04 cities of over 100,000 population, including 8 over 
• Million. Seemingly overnight, unfamiliar names have joined 
foster of great cities—Kazan (837,000), Tbilisi (866,- 
Chelyabinsk (851,000), Donetsk (855,000), Perim 
a 11 .000) and so on. The USSR claims that already 55 per 
en! of the Russian population lives in cities and towns, and 
figure will reach 70 per cent by 1980. An average of 
* * nfy new towns are erected every year. 

< nlculations of the rate of urbanization are usually based 
i» (owns of 20,000 and upwards, but it is the cities which 
• Mint (as we shall see) and they are growing faster than the 
• ■•wns. In the past 40 years, big cities quadrupled where 
urban areas as a whole tripled in population. At a guess, 
flu*re are 300 cities of over half-a-million population in the 
world today. 

I’he main (but not the only) reason for the phenomenal 
gmwth of cities is the mechanization of agriculture. As a rule 
of thumb, one may say that an under-developed country will 
Imve 80 per cent of its population in agriculture, 20 per cent 
m industry, and a developed country will have the proportions 
reversed. Most of the 60 per cent who are displaced from 
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| •*- »h* i Ity can continue to operate at a level of 30 

■M .i MftMin or more. 

ImI with a much longer experience, finds it hard 
to f mil lion at 12 million. Cities like Calcutta can 
iHuoming jungles, in which crime cannot be 
Im which health standards cannot be maintained, 
I tfcfeh pnoplc die on the pavement without the fact 
IfjpMp o-miiiked. 

j£H **l ihi* burgeoning cities in ‘have-not’ countries con- 
P * irvihipcd core, surrounded by a shanty-town of 
IfH mm n colossal scale. In Mexico City, one-third of the 
of 1,5 million lives in the colonias proletarias — 
IM-miImii colonies, as they are called. In Ankara, one 
§<m In lhe Regekondu districts; in Kinshasa (former 
feM iIIm) ihc squatter town is larger than the city itself. 
B lwo settlement areas, each with over 100,000 

bt*ii •* one is in effect the third largest city in the 
Nm » I he ac areas, though thrown together from petrol- 
m i whatever else can be found, are not necessarily 
---- 1 n the inhabitants are artisans with a steady income 
f h *i i'l«' to improve their surroundings, often in the face 
i Hiuncnt opposition, since the government has long- 
h vclopment plans for the area. The inhabitants are 

* tiHiiihibly more anxious to get a school, however ram- 

• now than to have a beautiful one in twenty years’ 

* *duT areas, however, are going steadily downhill, their 
1 Mils defeated by the struggle for existence. 

■ IInation is likely to deteriorate, since the populations 

* Imncling faster than the authorities can cope. For 

• i. Lima, which had 600,000 inhabitants 25 years 
‘vill have 6 million in 25 years’ time, and while one- 

*• i of the population now lives in the barriadas, by 1990 
imirters will be doing so. I fancy the world will see 
•«lve unrest in such cities well before that date. 

ml I IONS IN CITIES 

physical conditions in cities are, in general, inferior to 

• in towns. Studies in Britain and America show that 
receive 15 per cent less sunshine on horizontal surfaces 

"I 10 per cent less ultra-violet in winter) and 10 per cent 
•ic rain, hail or snow. There are 10 per cent more cloudy 
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days, and 30 per cent more fog in summer, ami m 1 , 
more fog in winter. Visibility is 1 mile or less 1 01 •* 
many hours. However, they are 5° to 15< w.». 

wind-speeds are lower. Small towns which lie dm* • 
great cities also show similar effects. 

The incidence of many diseases is markedly l« 
cities, and not simply infectious diseases. Thus, in • ■ • 
million population or over, bronchocarcinoma dun. 
is just about double the rural rate. Bronchitis is ul* 
higher. 

More significant are crime and mental sickm s* » | 

classic study was carried out in Chicago in the i!um fcj 

Faris and Dunham. The city was divided into II 1 , t » 4 
area comprising 120 sub-communities, and rates < *-.i nl« 
for each. In every case, the rates were high at the mill. 
declined steadily as one moved further away from 1 1 1 4 j 
there were 362 cases per 1,000 of schizophrenia In 4 I 
centre, grading down to 55.4 on the periphery. Then 
240 cases of alcoholic psychosis per thousand in the 
grading down to 60 at the periphery. Crime, suicide, 
taking all showed a similar pattern. 

Even at the periphery rates were higher than in *•< * 
towns. Check-studies made in Providence, Rhode I 1 
showed schizophrenia ranging from 45 to 0 against Clm m ( » 1 
362 down to 55. 

The question was at once raised whether city-exi st... 
caused these high rates, or were the insane, suicidal - 
alcoholic drawn to the centre of cities just because they w« 
round the bend? The smooth grading from the centre .• 
ward made this look unlikely, and closer study showed il , 
the rates were linked with the level of social organ izati. 
Thus first-generation Polish communities, with a well I 
family life, exhibited relatively good rates; second-gencran 
Poles, torn between the two cultures, were frequently im 
stable. Again, blacks living in all-black areas had low p 
chosis rates, but high ones when they lived in mixed area*. 
Even normal adults, when totally isolated, undergo a deterio 
ration of personality. More recent studies in other chin 
confirm this impression, though much more work on tlu 
nature of social organization in cities is badly needed. Hono 
lulu, for instance, includes a central area known as Hell’s 
Half Acre, where social pathology is high. Cities evolve 
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••illy sounds can be disturbing. ^ those which 

mull in terms of their po r , ns w j tb adrenal dis- 
goiit danger cause alerting rec ; s ’ e ly what we are on 
Jgcs; and adrenal reactions ^ 2 * instinc tive 

... watch for. Man, like niany otheranimals^ ^ ^ ^ 

, „ I Ion-patterns to noise, a innocent of experi- 

.. Which alarm a newbom ba^ still innoc 
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l„ H c stresses are being r ® le “ e ^ the University of Pitts- 
Professor Joseph P. Buc y, rats were sub , ec ted 

burgh, conducted experiments in q{ compressed air- 

t,„ several weeks to the sounds (1Q0 dec ibels) for 

blasts, bells, buzzers, etc., a g 1} hts and oscilla- 

Mf a minute every five ! du ^ ed and the stress periods 
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m TucS,rss" y incre ""' . . 

fact that noises y toolTfo r Z77 d u ,bC ". 

very low notes causpH • n , to hear s, '« • ■ «l . 
Other experimental work thifum^ 601 " ■ 

at Yellow Springs Oh o c T due <° 1)1 • • '■ 
pregnant wo ma „ can D ' er J Wed that *e 
changes, while it i s als o sounds and „ 

noise in the mother If a ^ by chan * cs Pt-,i, 

ally disturbed, duSg the ktrV apprehe " si -. * 

spring will show effects such pregnuni ' "* 

over-activity at the aee of f ,„ h i undue apprchrn.i . 

we need to be conceded a to S ° ntay ‘‘. 

age from such violent sound, ^ P ? ssibi,ily °< 
unlikely that adults are no tZ S ° n ' C booms ■ ' 

noxious stresses. The foetus wh^f i? tbe ' r ob i cc, '°" 1 
“»■ may have TZJSt* C " n °' 

Other experiments show that 1 ? t0 ob i ecl "■ 

can actually be inherited. h maternaI anxi ety of il„. , 

how calm we remata^boutVf? d ? i ? 10nsfrafe - oner . 
-system, undl the coXt ^ 

is the mere preseSceTf Ttmngere^r^ StreSS ° r ,hln " 
word for stranger and the wor/f many ,an guagr* 
countless generations man ha, k ° r Cnemy are identical i 
stranger as a potemiaTX to 
strangers continually every dkv J? We en «>"'" 

indeed offer a threat wZZj f 6 few of w hon. 

ness. There is some psychiSrie “f “ ° r from card, 

that every stranger arouses a deS confirms the- id, , 
which we conceal, even from oursd ° f U " conscious al;„„, 
formulae. Every traveller knows TZ u’ by Various - ’ ' 
strangers socially, day after dav Z exhaustin S is to , 
he-.I suspect that reLarS 2',£"7 friend,y tbey "»» 
hnut the number of such col^ * 8t pe0p,e P«*r 

Str l SSes by °bliging their inhabitants / ^ that cities 
Failing research in these area* ° exceed these limits, 
pathology of overcrowdin^i^anhnals. ^ ^ t0 ^ ‘h, 
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###> ***** IN ANIMALS 

if#*#*! animals exhibit signs of adrenal stress accompanied 
I i Mluro of maternal behaviour. Litter-size falls and 
§|m •* hi r sometimes resorbed. As maternal care dimin- 
(|* iffMttl ilc mortality rises. The newborn are underweight 
4 , «*ilt Is stunted. Meanwhile the males are more aggres- 
4 and otherwise. At 50, or even 100, to the acre 

-how few signs of stress. But at 200 to the acre, death 
m?- ■»*♦' dramatically. 

Htfl M Calhoun, a Scot with a long family history of 
ip*f4*Mnn because of land shortage, took up Christian’s 
■jMtlon and carried out some experiments with mice and 
m whkh have become famous. In his first enquiries, he 
Mint rats placed in a quarter-acre enclosure increased 

i MMMiher until there were 150 of them, after 27 months. 

ki |*o|mlation then levelled off, due to the high infant 
V *»u!lty. 

Mjucntly, he ran experiments in which the numbers of 
■ U were kept constant, by removing the young as they 
*< horn, at very high densities—80 rats in a cage 14 ft. by 
■ H They displayed the usual male aggressiveness and 
Ifqimte maternal care, which characterize overcrowded 
m "dn, but with some strange additional features. Bands of 
i «..■« males roved about assaulting the females. Much ho- 
»“*ual behaviour was observed among both males and 
" drs. Dominant males engaged in tail-biting of other 
normally males fight when challenged but do not 
: in sly aggression. Many people thought they saw 

♦hilarities between such behaviour and that of modem city- 
• Hrrs of the human kind. 

< <»lhoun also observed what he calls ‘pathological together- 
Rats would get so used to feeding when other rats were 
i "fit that finally they would refuse to feed unless other rats 
< »c also feeding. When he provided four inter-communi- 
• «llng pens, the rats crowded together in two of them, leav- 
, i he other two largely unoccupied. This further disrupted 
• Irrnal behaviour, and infantile mortality, which had been 
riMaind 80 per cent before, now rose to 96 per cent. 

Noon after Calhoun reported these observations, Dr 
Alexander Kessler, then at the Rockefeller Institute, began 
>v hiit Calhoun has called ‘one of the most important experi- 
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Passage of time, neighboure d 1S protec ‘ed: bin M ,„ 
a certain amount of tree ^ r ° W more friendly and i 

S7Z • They may e ven greet ‘the^ ^ at ■ 
gm of their territory in a frit ^ nei £hbours at >(,. 

nes they can retire to h ^ ° dly ma nner. To thes, , 

confidence, knowing they W di?b? eir f , WOUnds or regal,, , 

Human beings behaS I be , uncha »enged. 

PauTr a lT ayS SOme ris k in a^t Simi,ar man ne- w. 

of t!, Leyhausen - a fading GeZ f f T an,ma,s to , 

of these processes, believfs thaT , etholo 8 is t and a st,„i. 
h at! Q f man and . animal in this area r* b ? moIo Sy exist * i. 

men° ngter ri^riaiinstincS ^ Certain,y h ^an 
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Calhoun s rats likewise exhibited d m subordl 'nate m., 1 , 
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m« h frit the pressure of crowding most. At the 
0 thp *n. lal scale were rats which withdrew from the 
#» < h voided stress by never challenging superiors, 

• »l iit times when the latter were asleep, in 
. .1 trouble. (Human ‘night owls’ are also known.) 
lit* iimk were males who constantly challenged the 
Minin, in an attempt to obtain territory and fe- 
** wrre the ones most likely to show physiological 
t omm It may be that the survival of the standing- 
mil nut Is was due to the disappearance of all terri- 
&4 imI structure in these conditions. 

mi tty imagine that the class resentments of modem 
•m. i. iy present a parallel to the challenges of the 
* Mitlrr in animals, and are most likely to develop 
p* * m urc on space leads to the development of a 
i.» uimcture. 

in beings certainly have a strong need to keep the 

• »f social stimuli they receive within bounds, and 

• it. to their nests or to uncrowded territory for this 
f^p Where this is impossible, the stress is reduced by 

#i r small groups, whose members get to know each 
* =• <M.I work out techniques for coping with the problems 
mine. It has been found in mental hospitals, for in- 
M that formation of small groups helps patients; con- 
i#i*iv in World War II, the Nazis shifted concentration camp 
‘ • from one camp to another, so as to break up such 
! . mid increase the stress on the individual. Correspond- 
ii Nociety which compels people frequently to move 
i |iil> or residence imposes stresses on its members. 

• b» modern urban society therefore may reasonably be 
ird of imposing stresses similar to those which stress 
iiiHim's rats, and the parallels in behaviour are probably 
coincidental: Rene Spitz has shown, for instance, that 
"imi mothers in crowded conditions exhibit poor maternal 
the ‘battered babies’ which constitute a current social 
•Urm may be one consequence of living in crowded condi- 
•mh Paul Leyhausen says: ‘I have no doubt whatever that a 
Hiif number of neuroses and social maladjustments are, 
Milftlly or totally, directly or indirectly, caused by over- 
lowding.* 

What every normal man wants for himself and his family 
a detached house in an adequate garden, with neighbours 
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close enough to be found if needed, or il on.' i 
social call, yet far enough away to be uvobl. >i 
times,’ he considers. Psychologists often talk oi i , 
ing, or failing to adjust, to modem life—as il mint f 
adjustment were unlimited. But man’s psycholo^i. .1 
ments represent the result of millions of years ol 
and adjustment can only occur within narrow limiu ...» j 
I t is true, to be sure, that children can be habitual. .1 ^ I 

in crowds, just as they can be habituated to paiiu ul... 1 
amusements, or sexual patterns. But a price in j.*ni fe 
addiction to crowds, just as it is paid for addiction 1 . *4 

late creams. Leyhausen thinks there is a real danger Hi.- » 1 

may ‘exceed the limits of human tolerance tow,.. 1 . 
presence of other humans’. 

The test is not whether people feel safe in crowiU, M| I 
whether bodily, mental and social health are preset v#.t « I 
such conditions. Leyhausen believes that people out I 
participate effectively in a democracy when they out 1 
draw to their own territory for relaxation and consul. 1 . . ' 

Calhoun makes a similar point when he says, ‘the pnu. # 
identifying with values and goals beyond the bodily 1 
requires periods of solitude and reflection.’ In the absm. 1 

this he becomes ‘a hollow, sterile shell’. In the quite dill. 1 

context of industrial psychology, it has been noted that . 
ployees take radical decisions, such as leaving their job, ..1 
vacations during which they have had time to rcll. 
Crowded conditions thus favour a loss of social cohesion 1. 
responsibility. 

Calhoun also makes the interesting suggestion that tit* 
attraction of psychedelic drugs is that they restore a sens. . 
personal space to people who feel ‘hemmed in*. 

The weight of this evidence, then, supports the idea tl».r 
urban society already shows signs of the effects of ov. 1 
crowding; but this does not reach the point at which infant 
mortality rises so sharply as to limit the population. Partly, 
this is due, no doubt, to modern medicine and to the stat. 
stepping in where a mother ceases to care for her children 
But partly it may be due to the fact that the densities still fall 
short of those at which such behaviour becomes general. Ami 
there is one additional factor present: unlike rats, man can 
get out of the city from time to time. (It may be significani 
that the deer on James Island had their population crash 
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nineteenth century did th city, round 

Because of this ^“^fJ^Uensity housing we 
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prise 30 million people at a density of .’ I. nun . f 
mile by 2010, though the urban core will 
8 million of these. Similar fusions are occuiiIm. 
where the San Francisco-San Diego strip n * 

exurbanized, and south of the Great Lakes 1 1. * 

poorer communications, partly to planning conii 
growth beyond the suburban ring has been slow. • i i 
end of the century it will fuse with the south K 
and with Reading and Oxford, unless strong n. * 
taken. 

At the same time, as the central built-up ;iin f i 
becomes harder to escape from: the routes In. * 

congested and the distance to be driven before mi. . 

reached grow longer. 

As a result of the disagreeable features of urban in 
is an increasing tendency for the countryside to Ih» . * 
primarily as a resource area for the refreshment 
dwellers. A recent British government announcement 
farmers that they must be prepared to allow pcopl* t 
across their fields and must provide parking and othn 4 
ties. Only a townee could have made such a pronoun .. 
The farmer knows that the land is as highly organ i i •< 
factory. The grass field which the townsman imagine* 
has provided, free, has been ploughed and sown, l. ( * j 
and sprayed, and will be systematically grazed or hay. .1 
can imagine how industrialists would react to a prop.' »i 
visitors should be allowed to wander through their I...» 
at will. 

The policy of treating the country as a resource no . 
the towns will destroy its rural character, as has ah. 
happened in exurbia. Apart from the physical impact, ' 
social groupings are broken up and the countryman begin 
look to the town as the source of his inspiration. 

But it is not the fate of the countryside which here < 
cerns us, so much as the question of how long it will ren 
adequate to provide the townsman with the relief wlu 
preserves his fertility and his sanity. Already in the Unit. 
States the National Park system is hopelessly overbunln 
It is already necessary to book months ahead to get in 
Yosemite and other national parks. There were more il> 
141 million park visitors in 1968 compared with 3 million . 
1948. More and more trails have to be covered with bio. 


Population Crash: When? 235 

i .. st 
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Texas, itself way out in the desert. In Hi* 
years, 20 per cent of these traps were win k*.t 
and his enquiry had to be abandoned. In I hr »»• 
rock in a Californian tide-pool, apparently in »• 
may be turned over several times a year by huttum i. ♦* 

All over the world the wilderness is vannhiiu t 
the North Shore oil strike, next to a nut tin 
attracting a stream of engineers, and a poti « 
receiving quarter-million-ton tankers is being I ml It * 
cannot operate over permanently frozen tumh » 
causing permanent damage to the environment A . n • 
mafrost melts under the pressure, the track of tl»* * j 
turns into a deep ditch, impassable to animals, whi. 
the drainage system. When the Navy explored tin t. » 
adjacent to the new strike, which is a naval oil i< .«• wm| 
left discarded drilling equipment, oil drums and gmr» 4 
which will remain indefinitely and is visible for mil. - j 
new exploiters will doubtless do the same. There m< t 
tions that oil exists on the far side of the nature res. i 
pressure is already developing to open the reserve li 
exploration. The interests of the local Eskimos hn v. 
disregarded in a disgraceful manner. Fairbanks has hi<. 
boom-town, with topless entertainment in the Imn 
saloons, in the pattern of the gold-rush of 70 years aj 
more so. 

Further east, in Labrador, the Grand Falls of the II 
ton River, renamed the Churchill Falls, are about t. 
poured into a tunnel, to operate the largest hydro-H< • 
scheme in the western world, and feed New York with * 
tricity. Some 50,000 cubic feet of water are discharged < 
second, and fall 312 feet. Described as ‘an ecologist’s dn ■ 
the vast spray from the several falls, which rises like sm. i 
above the river and descends on sub-arctic wilderness, civili¬ 
an ecological niche such as has never been studied. Now 
never will be. The Trans-Labrador Highway is creeping in 
to Goose Bay, and Labrador is ‘facing the greatest change i< 
its history’. In 1963, Paava Kallio, the head of the Sub-aivn- 
Research Station of the University of Turku, Finland, s.i 
osprey nesting near the falls, and otters running across lli< 
path. When he returned in 1968, neither were to be seen ami 
the ground was littered with film-cartons. 

Serious as is the threat to the colder regions of the world. 
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anwi '" »»' 

Probably extroverts t ^ wan < to x<, 

Equally people who h^i m ° re stin,l,, “* 

"T*”***- . 

Perhaps also moo? f* ““•M-Mumitaion, an.l . 

level of ILto P l „0 ' “■«»"=<! «* . . 

distract them from nsJ 0 ” 16 ma ^ neec * extcrniil . 
fears. Yet others mav^ 8 Unc ° nscious problt-iim. . 1 , 
resources which enabll have deve, o(x-<l ii„ 

measure of solitude Mn P6 ° pIe to svs 'a"> mi.l 

Important as this is in p °P uJatl °n ls badly nerd. ,i 

city, f, is not I S ,h? '"? am " nS ,hc .. 

wilderness. If reduced 2 “P “ a «»” <* the . . 

■feed, a dark *" .. 

PC-, who stress its - 

On. impulse from a vernal wood 
May reach you more of man. 

Of moral evil and of good, 

Than all the sages can. 

S£S\,ch afs? B M « P«t forw . 

tier, and speaks of a kind of ® ernard : Words worth go, -, i 
insight into the life of things: *’ “ Wh ’ Ch one has *'• 

We are laid asleep 

Whafl-T 1 beCOme a livin S soul: 

Me with an eye made quiet by the power 
Of harmony and the deep power of joy 
We see mto the life of things. W ’ 

Indeed there is an , ctu a, sense of the presence of the di»i„. 

Dwetifrt T*•• m »""” -nd on plain 

A r A * e °8 ectl °ns and the soul of man 
o head , like the universal PAN- 
But more exalted . 
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I*- * u tlften above Tintern Abbey he explores this idea in 
[ *«Mitfnlzing in nature ‘the anchor of my purest 
p #■ - flic nurse, the guide, the guardian of my heart and 
( I fill my moral being’. Other poets, from Shaftesbury 
I * .*#. mi, from Cowper to Tennyson, from Thoreau to 
have expressed similar feelings. More recently, 
Br * t»*« discussed the topic under the title ‘the oceanic 
Wl § I here is no need to delve here into the origins of this 
# which I have analysed at some length in earlier 
l*<u licuJarly The Angel Makers : it is enough that the 

C ipm« is a religious one and of central importance to 
*ln> experience it. In the last chapter, I shall argue that 
w d central importance to us all, those who fail to 
1* it being the victims of a psychological disability, 

in hysterical blindness. 

mm mtry which professes freedom of religion should not 
Am? hue destroy the conditions of a quasi-religious experi- 
l mid those who do so inflict irreparable loss on those 
ii '•* iietit from such experience. 

M his tongue-in-cheek book The Environment Game , 
A ( alder has proposed that men live on artificial islands 
• h. oceans, in order that land can be left free for human 
m -iii to explore, enjoy, fish and hunt in. Being cooped in 
• imped ship-like cabins in order to have access (by air?) to 
•pulled country at week-ends seems a second-best solution; 

• *hiction in the population which enabled you to live in the 

Minify all the time, if you wished, would suit me much 
hi. r. The human population crash will come, I suspect, 
•Mi a majority of men are deprived of the opportunity for 
. kind of refreshment. 

I icd Hoyle, the mathematician and science-fiction writer, 
di n lutes that the crash is due in 2250, when, he thinks, 
mid population will have reached 25 billion—but demog- 
■ pliers expect this figure to be reached before 2070 at 
, n nent rates. The population will collapse to a mere 2 billion, 
.ml (he cycle will repeat itself every 300 years. Personally, I 
Hmibt if we shall make it to 2070. 

i il* 1 1 MUM POPULATIONS 

When the British Institute for Biology called a conference on 
i he Optimum Population for Great Britain in September 
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1969, there was much talk of how the cotmliv 
to support the higher population forecast lm n. ., « 
century, but none about where the optimum im, i >» i 
last day, however, the chairman called a mi.iw . 
everyone agreed that the country w as .it., 
populated. 

Demographers are embarrassed when the qui n... 
mum population is raised, for it is notoriously i i * j 
avoid generalities; and when I ventured to nti, n *l 

Conference on Population called by the Inti ( i ... j 

Communications Program, the New York A .1 * 

Sciences and the Smithsonian Institution at I'm, * I 
1968, there was a shocked silence; after which tin . 1 g 
ruled that that subject be postponed to the cm! ] 

meeting. It was never, in the end, discussed. Yet the 1 *4 

one cannot decide on a figure does not make the t|n. ■ ,.* d 
unreal one; and the fact that almost every nu-mi .. < ^ 

well-informed audience of over a hundred felt that n 
was not at the optimum, but decidedly over it, sup.)*. . . 

it is possible to evolve a social policy. After all, it 1, , 
to advise the driver of a car that he is going too 1 ... 
safety even if one cannot name the exact speed at win 1. * 
should be going. 

To be sure, the optimum population of a country < .... * ] 
be expressed merely as a figure expressing the total mm. 
of inhabitants. How they are distributed is vitally impo.i . 
Parts of the US today are certainly under-populated, ju.i 
parts are certainly over-populated. Redistribution 1 . n . 
immediate problem; when this has been done (if it evei 11 
will be easier to see whether there are too many or too l 
What each of us is interested in is the area we norm.i j 
move about in, say a radius of 50-100 miles from our 1 km.. 
or something of that order. If that area is dense, the presen. ► 
of wilderness fifty miles off is of limited value; if it is 1 .. 
lonely, the existence of a town two hours away will on I 
make it slightly less so. 

With this caveat, I believe we can detect three main kimU 
of criterion for defining an optimum. The commonest cl 
tenon is the economic, which tends to favour a relatively 
high density. A bigger population provides a bigger mark. 1 
supports a richer social and cultural life, and so on. Thm 
Professor Victor R. Fuchs points out that the economies o! 
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♦«i mil * Hut this would depend on the way incomes 

• unbilled, and assumes that people are wholly rational 
|m. laments, which everyone knows is not the case. I 

m. definition of a biologist, Professor Southwood: 
fHiiMim population of man is the maximum that can 
#♦1 'Mined indefinitely without detriment to the health of 
Mividtiuls from pollution or from social or nutritional 

* «ind above all this, there are in addition some politi- 
j ii- aliens of large populations. Montesquieu said that 

v was only possible in a country appropriately small 

* a (bought expressed two thousand years earlier by 
11 is possible that expansion of population leads to 

, *• entralization of control; the demand for decentrali- 

• may be only a form of protest against the inevitable. 
U \ i>yhausen is one who has pointed out that the sacrifices 

• die individual must make for the common good grow 
pi m as population density rises—a point I also made 

years ago in Conditions of Happiness. If you live in a 
•a 1 you can keep pigs or even let your house bum down 
ml offending your neighbours, for you have none. In a 
# . • »ti are forbidden to do either, and cannot even play the 

* loudly at night! As populations rise, you cannot leave 

* nr where you will, or build a house without approval, 
•dually the whole ownership of real-estate may have to be 

xidoncd. Such restrictions become increasingly onerous, 
i must be weighed against the advantages to which the 
".•mists draw attention. 

11 milly be it noted that, even if we decide that the world, 
•my large part of it, has not yet reached an optimum 
• 1 'idation density, there is still the question of how rapidly 
sensible to move towards that level. Too rapid growth 
.lies strains, as we have seen, and I conclude, with Profes- 
Athelstan Spilhaus: ‘When we can treat all existing per- 
as human, it will be time enough to think about having 
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| inN inos of scientists, it seems, are justified. The world 
h i with a problem of a kind never known before, 
in holve it would be, at best, uncomfortable; at worst, 
iihic. What can we do? 

• iild be nice, of course, if there were some simple 
In such a question—some one thing which would 

* .11 llie problems. But life is not like that, and action at 
i *n| iiis is required. 

♦ i.dnly the top priority is to stabilize world population 
t « i. and this undoubtedly means, in the present state of 

•M disorganization, that each country must attack its own 

* i' m That it can be done is shown by the case of Japan, 
i Nit a, Britain and western European countries, though 

growth rates are relatively low, must follow Japan’s 
mplc, and we must hope that the countries which are 
jdly exploding, like the Middle East and South America, 
•HI * alch on. In the United States, there is already an active 
E mi/.ation named Zero Population Growth campaigning to 
. end, which should be supported.* 

If n density of 60 to the square mile is desirable for the 
llritain would have to reduce her population to less than 
• tenth the present figure to put herself in a comparable 
-id ion, i.e. to 4.7 million in England and Wales. But so low 
figure would create great economic problems and the 
j*mecss of contraction itself would be painful and wasteful. 

A realistic target for Britain to halve its population—or, 
1.1 us say, to aim at 30 million by 50 years from now. This 
would represent about 320 to the square mile, even with 


•A list of names and addresses of organizations concerned with popula¬ 
tion und environmental problems will be found at the end of the book. 
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g^M *t« on this idea can easily be imagined. It is arguable 
| Iim i should be an actual increase in tax on having 
^ iii present many countries offer some reduction in 
| MMrtlly in the form of child allowances. Such allowances 
l# fetemted to ensure that the children are adequately nour- 
$ 4 *ml cared for, but do not necessarily have this effect, 
m* patents are at liberty to spend the money as they 
***** I his device should obviously be abolished, and more 
|m t methods substituted. It will then be possible to tax 
*- tn und to step up the tax sharply after the second child. 
Em fm such measures would influence people is, of course, 
pf lit tain, But unless such fiscal measures as these are applied 
m ii» ly and prove effective, we shall eventually be forced 
% on* licences to have children, a course so likely to be 
i jinlur that few governments will feel able to take it until 
£« filiation has grown very much worse than it is. My guess 
l »t*i«l governments will shilly-shally even about taxing chil¬ 
li mi, and that the situation will get worse. Naturally, the 
i n. ililies will be greatest in Catholic (and some Middle 
i * • in) countries. But the most awkward situations will be 
* . iiuntries like Canada, where there is a distinct split 
t wmi Protestant and Catholic elements, and where the 
* *» i are deliberately expanding population to increase their 
Murnce. I have little hope that nationalist or sectarian 
•ups will subordinate their ambitions to the over-all need 
population limitation and no doubt bitter strife on this 
nr will be the result. 

M W AND GEO? 

ince population stabilization will, even if attempted, be slow 
• lake effect, it is clear that we must make a major assault 
u I lie problem of super-pollution. This assault involves at 
i« six main areas. First, it must be recognized as a world 
pioblem. Not just a world-wide problem, in the sense that 
• very country should tackle its own pollution, but an interna- 
lional problem in the sense that the wastes of each country 
h licet, or may affect, the climate and the health of other 
* mintries or even the whole world. Though I have no starry- 
ryed faith in international organizations, many of which I 
• ispect could do with help of top-flight management consul- 
Inuts, yet it is certain that an international organization is 


















248 The Doomsday Book 

°s e of poifutL^sr t ouid ** ,h; " . .- 

different ££Sj 2*^ “ V0,V6 «*»«'. „ . 

groups where*none , 

function should be the ex h* 8 ^ ey are " , " 1, 1 < . 
pollution probfe^ £ ^dTn ? ^ """ ' 

«*•«. «-ss irssisr- , hy -.• 

cial help and expert advW» !! P h pS 8,80 h V • 
In all this I®el! j? countries which nr.,, , 

sense, to include heat Tmi? P ° Uut ?° n ’ in *hc wldrm * 
activity, etc. More than thi s e ’l ako^^’ PCN "' l ’ 1, *« 

effects and ecological imt i 1 1 mean to im *»•>■ 
meteorological aX«e -- C, ° Se «*>!*•' .. 

for, as wiS agricuitol orL 0r8a f. 1Zati0nS is W... 
themselves with erosion forest fen 0 ”* Wh ' Ch a,rcndv —■ * 
birds and other organist'KJ?®* a f d ‘ he 
a threat to man. Finally it is e« s , USeful ‘early wim.i... 
termed ‘planetary engineering p ? t0 bri ° 8 in wl " 1 1 1 • 

Watch (WEW) woJd serve as a rff W ° Wd r,,vi . 

monitoring aspect of th a e 38 f descriptive title i,„ 

function I suggest Global En^r™ 11011 ’ Whi ' e for " ,r ' 
Second, it lessen Slo ^T 1 ° rganizati on ,<„ . 

** the scale and sco^ of °" fc " . 

repeated conclusion of reporte d these P rob,c <»' • 
we know very little abouUT In n * eSe , t<>P ' CS 18: ‘ Bl " >■ 
mto (a) ecological processed e ,n WC Deed r< '' " 
Plosions, (h) means of clean- ’ pecia,I y Population 
happening, ( c ) the consequeneLT P °' )ution or Prevenlin,, 
of new substances generally (dl heal ? ° f poIlutanh 
crowding and nature^f stre« PSycho,ogicaI effcch , 
social effects of crowdinn in !’ ™ cludm 8 effects of noise, (, . 

gy generally, (/) climate’and weTtheTTn)^ "*** P 8 "’" 1 ' 
especially the quantification of , (g) econom ic as,x ,, 

factors whichtend t^e ilrS iaI ’ PSyChoI °^ and mh. , 
chosocial aspects, especial^ T\°\ “ der ' rated > W .*» 
attitudes. Each of flJse is l h,r„ d nbutlon in society „r 

subdivisions. The scale we shod/L^** With manv 

than the scale of the moon-race nSu not ,l ‘« 

US national budget and invoi’ ^ £ t0 ° k 5 per 06111 of **“ 

search organizations’ and testing ^-I^ 8 UP 11111116113(1 11 
ana testing facilities. We should also 


Hurt Not the Earth! 249 


£§ In Mm run of similar urgency: a clean and safe environ- 
11 # */♦» yrar 2000. Similarly in every other country. 
■Mtjr. wo need a decisive educational effort. When Po- 
| #>. •♦» ««ftcr the war, passed strong legislation protecting 
she included a provision that every school- 
•«**•» hr taught about man’s relation to his environment. 
f§i muMmiin should belatedly follow this admirable quarter- 
pPi i*M example. This does not mean just a few vague 
tin ecology, but a planned attempt to give the student 
9 «*» .»r man’s place in the scheme of things. To take but 
m am*iice, he should certainly understand the dangers of 

■ gfMftllon I describe in the next chapter under the tag ‘the 

- *n’ The whole question of how people manage to live 

|p Ui nhould be part of every education, and from this 
dir question of how they should live with the rest of 
Wf Of its real function—that of helping people to live the 
pi(i»y arc going to live—education is currently less aware 
ihn H was 500 years ago. 

* lily, there is the actual attack on polluting activities 
| l, ‘ > v now exist. Here the dangers are of a partial and 

**-• tlvc attack, sufficient to damp down public criticism, 
«* ■•••it really tackling the issue, or even of a completely 
a response. Even a superficial acquaintance with the 

-«•»** "»n in Britain and America shows that far too many 
«>•! are concerned with different aspects of the problem: a 
1 1 liiuter structure for pollution control is needed. I sus- 

* most other countries are in a similar position. In the US 
** problem is made more difficult by the relative weakness 

»li«* central government, and the, sensitivity of the various 
to supposed infringement of their rights. Whatever the 
otimlties here, there can surely be no justification for con- 
•Imk the obsolete practice of leaving the rivers under the 
•*f ml of the Corps of Engineers, a body which may build 
. dams, but is certainly not so constituted as to take a 
danced view of the environment. Nor should rivers be 
■»*ml under a water-supply authority as in Britain, though 

■ idea of treating entire catchment areas as units is a good 

The rational solution is the establishment of regional 

• nvlronment Authorities, with water-supply authorities sub- 
nllnated to them, and dam-building specialists called in as 
• liiired. Again, atomic energy authorities should not be left 

• • police themselves: independent inspectors are required. 
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i l iKo Constance, which lies between Switzerland, 
iii find (lermany. Thousands of tons of junk have been 
s • i fHim lake-shores and neighbouring territory; a spe- 
# , was built to clear the shallower waters. The 
h hi my even sent in a contingent of soldiers to help, 
i H it four-nation effort. 

Mftntmny, the Assistant Chief of Police in Dortmund 
• 9 «Mf nn anti-noise campaign which has made that city 
i ilin quietest in the world, for its size. In Sweden, 

« I*km are being revitalized, under the guidance of the 
dnyii ul Department of Lund University. In Britain, a 
tktdilo salvage operation is under way in South Wales, 
«*** mined industrial landscapes are being made green 
After the Aberfan disaster, in 1966, a Derelict Land 
^ set up in Cardiff, which has approved sixty-one 
j^Mif e schemes costing £3.1 million in Wales. John Price, 
i*i if the unit and bom near Aberfan, estimates that there 
H i l, (MX) acres worth treating, which may take another 20 
. ’Hut well over 1,400 acres have been completed, 
%«. f«, Horn a standing start in 1966, isn’t bad going,’ says 
■ enthusiastically. 

i mi some <£10,000 a colliery ridge tip covering ten acres 
I., reduced in height and turned into grazing land with 
•m|»s of trees. Leeds University, which recently held a 
m M|M*slum on derelict land, has developed a quick method of 
*1 Identification and has spotted 31 kinds of dereliction in 
« —|ilitre miles of the West Riding. 

\l*o indicative of individual effort is the growing interest 
•iiivcrsity students in the ecological problem. Two hun- 
l students from forty campuses met recently at Stanford 
..ivcrnity and formed the Student Environmental Confeder- 
ii, to co-ordinate existing student bodies, such as Students 
- ii Hotter Environment, and to act as a clearing house for 
■f mation. Hopefully students in other countries will follow 
H lead. Nor need such activity be confined to petition and 
..li st. At the University of Indiana, where the condition of 
Iordan river has been a matter of controversy, 210 
.i. mbiology students tested the water for waste products in 
week-long study, and proved that it was indeed contami- 
iinl by human or animal wastes, despite assertions to the 
Miiirary. 

I lie signing by President Nixon of the Environmental 
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Policy Act, and his State of the Union message call I mm = • 

‘the most comprehensive and costly program’ ever . . . 

in America to fight pollution is an encouraging sign, < 
the appointment of an oil industry executive as Special \ 
tant for Environmental Control may arouse some <l«»ni • 
especially in view of the ecological risks associated wiili • 
North Shore oil-strike. Nevertheless, Congress is being .. - * 
for 10 billion dollars to fight water pollution alone —twa 
much as was spent on the space effort in its most active \ - 
This certainly makes the efforts of Britain and other I 'm i* 
an countries pale, even if Congress pares the figure d- - 
some. 

In Japan where pollution is even more a problem tlmn 
the US, various organizations formed to protect victim 
‘public hazards’ have formed themselves into a national !> i, 
so as to be able to put more pressure on the government ««» 
conduct legal actions more effectively. In each prefect m. . 
Public Hazards Countermeasures Council will be set up 
some have such a body already. In 1969 the Tokyo Metrop- i 
itan Government issued a Public Prevention Ordinnu 
which was the first comprehensive treatment of the problcu 
hitherto noise, smoke and factory hazards were covered i 
separate ordinances. The preamble stresses the right of evei 
one to a minimum standard of healthy and civilized living 
new departure for such documents. All citizens have mi 
actual obligation to avoid ‘destructive activity’ likely to c:m 
public hazards. Thus anyone building a factory must provt 
that it is equipped with devices which will prevent it emu 
ting smell, noise, smoke, vibration or noxious gases, or pollui 
ing water. Public-address systems are to be strictly con 
trolled, and an inspection committee is to be established 
Such measures go further than any foreseen in the US <n 
Britain, though Dr Nicholas Golovin of Harvard has pro 
posed Golovin’s Law, which says that the obligation of proof 
shall lie with the manufacturer (in the case of drugs, pesh 
cides and similar products) rather than with the government 
or regulatory authority. 

Tokyo’s problem is that it cannot protect its citizens from 
nuisances originating in Kawasaki City which lies just acros. 
the river. In any case the Ministry of International Trade is 
likely to oppose the measure, on the grounds that it will 
handicap exports. In general the Japanese government h;i 
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• *n itself reluctant to act, except in the , ma f" f 
•rl.nr dioxide levels. However, it has reduced the perm, t 
..l of carbon monoxide in automobile exhausts P 

,» lo 2 Vi per cent. 


PAY ALREADY 

. „,„r or later someone inevitably raises the question: who 
! Ing to pay the cost of cleaning up pollution? Industrial- 
, , commonly assert they will be unable to compete if y 

. to carry the additional costs of preventing P°'lut.on and 

,11 go out of business. Therefore, they claim the govern 
must, by means of subsidies, cover the cost of_so doing 
«o, ne of this protest is based on simple technologic 
*. font ism. For instance, it is said that it costs JJW 
•I, net the sulphur from coal or oil, in order to prevent the 
*t, Union of sulphur dioxide from the chimneystackso 
•wrr stations. However, the Japanese Kiyoura process 
"vers all but $600 of the $4,600 cost per megawatt o 
■ n acting sulphur from the flue gases, when the* oil_ carries 
.r. per cent sulphur. The sulphur is sold, in the form 
•ntmonium sulphate as fertilizer, at $32.20 a ton. Rat h e 

.. rise in the price of sulphur would turn this into a profit. 

la the US the Penelec-Monsanto process, based on a sum 

. id pie, also recovers marketable quantities of sulphur. 

More recently, Lockheed’s Palo Alto laboratory has an- 
„mnced the development of an electrochemical process for 
dicing sulphuric acid from sulphur dioxide effluents 
,',lce which is fully covered by the sale of the acid. 

I'he truth is, industry does not really know what it can do 
«llh the assorted chemicals it so wastefully discharges initil i 
MIPS. Stffl, we cannot assume that all effluents could 
iMiilltably cleaned up. The real answer to the question of 
lists is more fundamental: we need to take a close look at 

•ul system of accounting. . . - 

It has been estimated that every US family pays an invisi¬ 
ble $80 a year, over and above its electricity bill, to undo the 
. fleets of the air pollution caused in manufacturing the cur- 
irnt; that is, in washing drapes and curtains in medical coste 
, culling from increased bronchitis rates and so on. Obvious¬ 
ly. if the cost of cleaning up the smoke before it left the 
•tack came to less than $80 extra on each bill, the switch 
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would be worth while in simple financial in.,,, 
nothing of the decline in pain, suffering and . > 
effort at the washtub. The figure $80 naturally l„ , 
scientific validity—probably it is too low—but u n , , 
point that we already pay the costs of air pollui, % 
question is whether we would rather pay to |n> h 
pollution or pay to clean up the mess. According, i,> 
calculation, the cost of air pollution generally com. i. 
for every person in the US annually. In Britain tl.<> n , , 
£64. 

It can be shown scientifically that it is alwny 
economic to prevent a mess than to clean it up, ami 
times you cannot clean it up. You can package an . ( 

prevent it smashing but you cannot put it together aj><. 

it is smashed. And while you can pay the medical liill. 

person dying from bronchitis, you cannot restore U. , 

life. The principle of entropy, known to all physicists. ,. 

tees that it is more costly to restore organization th... 
destroy it just as it is easier to dirty a garment than t. > 

But human beings are far from rational, and pay , 
need to a rise in the cost of electricity, which they < ... . 
help noticing, than to a fall in the bronchitis rate. You .1. 
notice the bronchitis you don’t get, or the soap that you ,i. 
use. 

The rational principle to go on is that any industry is!. 

pay all the costs of manufacturing whatever it manuf.u in... 
and should cover them in the price it charges for the pt. 
uct. Up to now, many industries have profited from a *i. 
waste disposal service, which, though free to them, w.n 
cost to the community. They have no right to this uni 
commercial advantage. Economists have reinforced this n 
conception by referring to such avoidable costs as ‘extern., 
ties’ as if they were somehow outside the system. But o 
are costs, whoever pays them. If the principle of paying 
costs is introduced, the price of some items (e.g. electric n 
may rise very slightly, but the cost of others (e.g. med. i 
care) will fall by more than the rise. 

Logically, there is therefore no case for the govern mn.' 
subsidizing manufacturers who are affected, and so proloi. 
mg indefinitely the unfair advantage they have alrc.i.i 
profited from. There is, however, a genuine difficulty who. 
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m are concerned: if the country to which they export 
hh| have a similar policy with regard to ‘externalities’, 
*ill fie at some disadvantage. The same could occur if 
» .laics within a country adopt this principle and some do 
I here might then be a case for subsidies until such time 
•»,, principle could be made universal. 

My own guess is that in the United States, where the 

C l. lends to feel that it is of primary importance not to 
ll» up industry, and where industry can exert strong pres- 
on government, the tendency will be for the Federal 
♦ •mment to carry at least a part of the costs of preventing 
, Million, by the making of capital grants toward the instal- 
♦ •(» of equipment, if not by subsidies. The same may be 
•• in Japan. In Europe, however, the tendency will be to 
•Mi industry bear the costs. Rumour has it that many large 
I§ » i rsponsible firms would be quite willing to undertake 
writ Mops to reduce pollution if they could be sure that their 
*l\ whether at home or abroad, were going to do likewise. 
», united government action is what is needed. 

' - rvertheless, the principle that people should accept re- 
m< inability for their own actions is sound, and as a general 
»-iii• v I go along with Dr Ray Dasmann, of the Conservation 
i .1 mdation in Washington when he says: ‘I do not believe 
d in the long run we will solve the problems of pollution 
ail I he polluter is faced with the consequences of his own 
• Hons.’ To take a different kind of instance, one could tax 
»* pie or concerns which allow their land to deteriorate. 

I icd Singer, at the AAAS meeting in 1969, made the 
i port ant point that the cost of coping with pollution rises 
• ponentially-—twice the pollution means four times the cost, 

I so on. For every country, therefore, there is a pollution 
i tint beyond which the effort of controlling pollution be- 
• imes intolerable. A greater and greater part of the national 
‘Unit has to be put into undoing the harm caused by the 
mainder. Or trying to. It seems probable that the US, 
Hulain, Japan and perhaps W. Germany are already at or 
■ m the poison-point. It has been estimated that the US will 
.pend $275 billion trying to control pollution between now 
•ii ul the end of the century. The other countries named might 
i" well advised to attempt a similar projection. Frederick 
( .nrschboth estimates that by ad 2000 the world will spend 
M) billion on air pollution control alone. 
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co^of trlffi/° StS ° f C ° ntr0lIing P o1,uti °n. wo - ,. 

and mL^ TX™’ the medical costs of .. 

creaXo ts f “ “ ^ironmcn,.' 

quence of hiI PnS ° nS ’ P ° ,iCe and ]egaI «cll . 

quence ot higher crime rates. A great mrt 

to rates^ 0 disc' by ra ' Sing taxes - But evrmulii, , ] 

tax rates discourage enterprise and canici , 

slowing the economy and lowering the sand-i d T 

Thus pollution leads to an economfc bind o^ d „ ’ 

only way out is to stop polluting. 

progress to date 

I”"T u! u “V mere! ' *“; 

ttBsr&Zr ' 1 1 

I 

cL‘ e wS' R w r Pol,u,i ” 

ci“ed*; nd " f“T°" Act ot i967 - *«> ■ 

creased funds available; the Solid Waste Disposal A, , 

... whlch followed Congress’s condemnation of ‘the 
palling state’ of this function; and the Air Quali y 

name the Clean Air Act of m:l . 

fine of $1 000 TT 'T‘' the Air Q uaI '> A., 
comply wi’th ?he y , Can be lmP ° Sed ° n a ^ failing 

noUce Xfl / egU r» S ’ ^ haS been 60 da- 

had the^uh PrOCeSSing Co - of Selbyville, Delaw,, 

ordered Xn ™ 1 ° f being the first company to he 
fare fell™ XX* of Health, Education and W, i 
fare, following public hearings in November 1967 

n New York, sulphur oxides fell 25 per cent in two year 
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'■y Consolidated Edison’s reluctant switch to low- 
fuoli. 

!*h innately, the money to carry out these admirable 
•« i«i not being made available. The sums authorized by 
§**««, Ihemselves inadequate to the need, greatly exceed 
•unis actually appropriated. What public pressure can 
w* vcr, is shown by the history of the Administration’s 
*• for $214m. for waste-treatment facility grants, where 
*#mio authorized by Congress was $700m. in 1969 and 
( m In 1970. As a result of Congressional pressure and 
Miens’ Crusade for Clean Water, the sum was raised, 
• $4 50m. and then by the full Appropriations Commit- 
• lf>00m. When the bill came to the floor of the House, 

> •- In increase the sum to the full $1 billion was defeated 
•i) 1 Iwo votes. Finally, after the Senate had proposed $1 
I lie sum of $800m. was granted. 

** fit!* instance demonstrates, it is essential for the con- 
i citizen to maintain pressure on government and in- 

• If anything is to be achieved. In the US at least, the 
fM has been reached where politicians believe there are 

to be gathered by climbing on the anti-pollution band- 

• It is essential that they be held to their promises. 

• ne should therefore lend support to organizations con- 
.1 with conservation, and these organizations should 
(heir efforts and avoid rivalries. 

iirr countries might well follow the pattern set by the 

* Mr Quality Act, which requires public hearings before air 

* **iy standards are adopted. Thus when the Pennsylvania 
Pollution Commission proposed as a standard an annual 

•• »uc level of 100 micrograms of particulates per cubic 
■ of air, public pressure forced them to make the figure 

* Mmilarly in Chicago, the figure for sulphur oxides was 
<<l down from the 0.05 ppm proposed to 0.02 ppm, and 
«i, ulates from 80 to 60 micrograms. 

♦beat Britain tends to be complacent about pollution prob- 
\ largely on the strength of two facts: the air in London 
m»w much cleaner and more transparent than ten years 
while the once-familiar fogs have all but vanished; and 
. have been seen again in the Lower Thames. Salmon, 

- h formerly could face the conditions no higher than the 
•I of London, now sometimes reach the waters above 
hmond, where they are stopped by the locks. 
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Pleasing as these improvements are, there is lit tin ,*♦ +« ■ 
complacency. The Clean Air Act of 1956, which . ... 
local authorities to declare ‘smokeless zones’ in v t., * jj 
smokeless fuel might be burnt, confined its attcnfioit 
to ‘dark smoke’, saying nothing whatever ahoul y .. •. >|2 

in relation to chimney heights. The sad fact is th.ii «nt I 
the smoke pollution has declined considerably I mm .-. tf| 
figure of 2 Vi million tons, the amounts of sulpliui 
have risen sharply from their 1956 figure o! V »♦, >1 
tons. 

Moreover, the example of London has not been uni . i#| 
followed. There are still many local authorities win i, 1 3 
no plans for smoke control, while others have used ... 

the powers given them by the Act. And in I'"'* fS 
number of areas operating smoke control schemes .... 9 
declined from 355 to 308. One may also wonder wh • 3 
years passed before Northern Ireland was provided vuii* 3 
same legislation thought necessary for the mainland 

With the one exception of the prohibition of ‘dmk . • 
it is legally necessary to prove the existence of a 'im. 
and even to show that the area affected is inhabited I i 
severe damage can be done (and often is) to pl.mh 
animals, while there is no recognition of the concept im. 
total atmospheric deterioration. It is still assumed tli.n . i 4 
unlimited powers to dilute and disperse pollutants. The 
lations call for the erection of tall chimneys, so that 
will be discharged too high up to affect people. (Not th . 
always works: downdrafts sometimes sweep gases t. 
ground, while in still conditions, pollution may build > 
levels which affect health.) But even if it did proh i 
local population, it would still be a wholly unsat isl.. 
solution. Any gases which are too dangerous to release i 
than 650 or 850 feet above the ground are too dangem 
release at all. 

Peter Gregory studied what was once a ‘garden 
Haverton Hill, near the great Imperial Chemical I. 
tries plant at Billingham, one of the largest industrial im 
the country. Every month one hundred tons of grit an. I 
fall on Haverton Hill, while the rain contains sulphuric 
The area is treeless and dust-covered, the soil impoven 
Maintenance of houses on one of the estates was fom 
cost 20 to 33 per cent more than on comparable c 
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#M*l»rrc. Gregory’s report says: ‘Plant life is stunted and 
■tfmyed, metals and fabrics corrode rapidly, and there is 
l«!lv an unpleasant smell.* The area has ‘an atmosphere of 
■*•11. lion* — tenants move away as soon as their economic 
i -niiiiHtances permit. 

Auidrica, too, has its blasted landscapes, especially near 
smelters, where fluorides often poison vegetation for 
around, and affect livestock: it softens the bones of 
*#*« I mention the case of Haverton only to convince Brit- 
** mailers that they have little cause to suppose that British 
ggulntlons are any more adequate than American ones. Nor 
% II I he case that manufacturing industry alone is at fault. 

* -l kilns, lime, scrap-metal and other outdoor industries 

* *111100 pollution which can be lessened or removed by 

sprayers, screens and filters, but, as Robert Arvill mildly 
•*iks: ‘it is sometimes difficult to get the industrialist to 
« ».lny them.’ It is ‘difficult’ because legal obligations and 
lions are lacking. 

I he position is little different as regards river pollution: if 
Thames is clean, the Trent certainly is not: much of it is 
1*1# more than an industrial sewer. Local authorities move 
«• * snail’s pace in enforcing regulations, and sometimes the 
^•ulcr is the same individual who, as a local councillor, is 
•peeled to enforce compliance. 

Ii was revealed in 1966 that three out of five local author- 
orwage works in Britain are producing effluent below the 
<*pilred standards. In 1970 the position was unchanged. The 
«m.I. of fines is so absurdly low that offenders prefer to pay 
hi and continue polluting. In the House of Lords one 
•p* ulcer openly said that the government had shown bias: 
l only are fines ridiculous, but river authorities have no 
dil of inspection. The reason was given by the Chairman of 
Thames Conservancy. There are no votes in sewage, he 
•M We could alter that. 

If there is one area where Great Britain, proverbially a 
*miI of animal-lovers, might have been expected to take the 
*.l, it would be in protecting wildlife. Yet though the 
• rial committee appointed by the government after the 
*.u, when it reported in 1947, recommended the preparation 
i a comprehensive Protection Act, more than 20 years later 
*nc exists or is even under discussion. The enterprise of 
Ivnte groups, for example the Royal Society for the Protec- 
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tion of Birds, has led to the passage of Acts pimp. 4 
and some other species of special interest, such ... < ,, 
seals. That is all. 

All that has been done about controlling ihr run , 
cars is to prohibit dark smoke—an ordinam . 
police seldom trouble to enforce. 

THOSE IN AUTHORITY 

Governments are reluctant to tackle pollution pn.l.l. . 

many reasons. First is their short life. They are .I, 

concerned with immediate losses than long-lenn , . 
there is ever an immediate danger of the lights gni„ r 
the US, governments will take steps to prevent tins, v., 
the eventual cost in raised disease rates or sacrifice,. I H 

ty. The British government likewise will sacrifice I > 
or the Lake District rather than have household tup i g 
Second, governments are anxious to balance their » 
which they find easier to do in conditions of expani, . . 
even inflation. They are also anxious to balance tlmi 
seas trade, and so, if they have to choose between ... 
and industry, always favour the latter. Fourthly M 

nowadays have more votes in the towns than in the cm . 

particularly in the case of socialist governments —so il.. . 
are decreasingly interested in rural problems and attitiiit 
The ruthlessness with which authority sacrifices .Ml 
considerations, including its honour, when physical i. 
have to be met is well shown by the unforgivable arm 
the Army Corps of Engineers, who gutted the reservali 
the Seneca Indians, drowning approximately 10,000 ;h i 
their only habitable land to do so. To do this they dcl.l. 
ly broke the Federal Government’s oldest active treaty, n . 
in 1794 with the Senecas and five other Indian nation 
time when America needed their friendship, and resimj' 
since on solemn guarantees given by the President. What I. 
the Senecas even more then the flooding of their land wa 
removal of a monument to their ancient chief, the Co. up 
er, with his bones and those of many of his people from 
Seneca burial ground—‘our Arlington’ as a Seneca w,„, 
protested, weeping. 

It might be supposed that left-wing governments, 
they claim to espouse the interests of the common n. 


» 1 In favour of conservation as against governments of 
& giii Conservative or Republican—which are supposed- 

I ^ i hr side of big business. But, then again, Conservatives 
m ftiMiimably supporters of the past, or at least the status 

whereas Socialists are committed to raise the material 

• i.ml of living and tend to think that the past was bad but 
future will be good. In a word, socialists are optimists, 

ffr*#fva lives are pessimists and think that things are going to 

Ihjjh. 

llritain, at least, it turns out that socialists have given 

• nilention to pollution problems, as we have seen; and 
Moments made by the Minister recently invited to add 

u.inmcntal problems to his other duties, Mr Anthony 
•wtlftnd, exactly support the above analysis: he stressed the 
i‘ uiunce of economic growth, and the claims of the towns 
expense of the country, while dismissing current con- 
h with the situation as ‘hysterical’. Soon after, the depth of 
-»ullnt contempt for conservation was revealed by the an- 
.iini ement that two valleys in Dartmoor, a national park 

• already under pressure, would be flooded to make 
♦avoirs, in face of strong local opposition. The announce- 

. ui was timed to coincide with the Strasbourg meeting of 
« uDpcan Conservation Year. The justification was that the 
« «•<!« of the towns come before those of the countryside, and 
<1 It is part of government policy to attract industry to the 
«•*. 

Indeed, the way in which the National Environment Re- 
Nich Council was set up, with no powers—not even that of 
i.Ung a general over-view—suggests that it specifically 
idicd to prevent conservation activities. Incredible to relate, 
ii council recently revealed that ‘we are not at present 
■ ir resting ourselves in air pollution*. 

I he establishment of the world’s second-largest deep-water 

II port in another national park area is just one further 
usance of how hard the British voter will have to fight if he 

lints to see any action. 

On the other hand, the Conservative party has failed to 
> l/c the opportunity thus presented to it, one which its very 
line might have inclined it to, even though much of the 
pposition to pollution comes from individual conservatives. 
In me this reads like a case for a political re-orientation—a 
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case for the formation of an environment nn.tv . „ 
across existing party lines. 

In Russia, too, optimism as regards the liii,,, 
stress on production has led to neglect of cons. , 
by officialdom, with the protests coming from mi, . . 

uals, as far as I can determine. It will therefore I. . 

to see what path America takes in the immed, . 

My guess is that the Republican party will m-, i . 
conservation its business, with considerable supm.it t, 
large corporations, while opposition will come I r . , , 

posedly more ‘progressive’ groups. 

But whether this be so or not, governments 

reluctant to take the kind of decisive action .. 

arguments in this book are correct, is needed 1 1„ 
opportunistic attitude of authority in such matter. , . 

by the suggestion, made more than once, that rl n ... , 
impractica 1 to meet current radiation guidelines us;,,. 

he development of the atomic energy industry, .. . 

the acceptable level’. This boils down to saying- \\ 

v^r t° W u r 'J> f U C ° StS U$ an ° ther 50 ’ 000 cases of '*• ">'■ ■ 

year, too bad. 

But a decision of this kind has already been i,,i... 

guidelines, and protests have already , . 
deCISlons have also bee » taken, concern,,, 

racffii act' ^ ° r ^ 3re t0 be ' Yet 0thers aboul ■ 

d -active materials in the sea. It is high time such „. 

sions were brought into the forum of public debate. 
need, ° f *T d ' nburgh recentI y said: ‘I think 

authority. 6 m ° re direCt l ° the P eo P le in . . . 

fl nI hC British f are constitutionally so concerned to avoid 
treme nf Ce P anic . that . tb ey usually go to the othc 
nations Th C ° m , P,ete ' nact,on > to the amazement of ml, 
?939 iiffi o' , ? S th f thCy reach6d the outbreak of wi„ ... 

countr^ To s L y anti ' aircraft Suns in the . . 

start arming would have been an indication , 

blv n’refer o I- ^ In the S3me wa y, will P ,„|... 

thei/ahffitv t *£ ° f Ieukemia ’ thus demons!, am, 

their ability to keep a stiff upper lip, rather than be.,. 

concern about the existence of radio-activity 

This national tendency is strongly supported by the esi ,1 

Iishment, who feel that to admit the existence of a problem 
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n*M Iw to admit error. Lest this seem an unfair reflection, 
B give one relevant example. The Economist , a respect- 
f a* Midi organ of opinion, recently observed that there was 
f Minn for concern at carbon monoxide in the city streets, 
fn*° ilirre was no evidence that any harm was caused. The 
am quite otherwise. Carbon monoxide forms a complex 
blood haemoglobin, preventing it from taking up oxygen 
| i nbo interfering with its power to release any oxygen 
**.» up. At 50 ppm, it has a dramatic effect on the power 
Mho time-differences, and drivers responsible for acci- 

# Imve been shown to have high concentrations of com- 

- » haemoglobin (COHb) in their blood. Point-duty police 
•Imilarly affected. The current US standard of permissible 
< .mi monoxide is 50 ppm for eight hours—reduced from 

* ppm, in 1964. In most US cities it is over this level. The 
I Increases as you ascend above sea-level, and infants, 
In submarines, persons with cerebral vascular incompe- 

n»* p or myocardial infarct (a heart disease) are particularly 
n link, as are hyperthyroid patients and anaemics. Animal 

- llrs show fatty degeneration and scarring of the heart 

- ‘n 1 c. Every car emits about Vs lb. of carbon monoxide 
*i mile of travel when travelling at 25 m.p.h., and twice as 

h at 10 m.p.h. In the US 94 million tons of the stuff are 
p mi red into the air annually, three-quarters of this from cars. 
k New York, cars emit about 1,500 tons a day. Yet in the 
■ *., as in Britain, it has been asserted that ‘there is no hard 
"fence that atmospheric carbon monoxide is a threat to 
health.’ 

Such assertions recall the reassuring statements, later re- 
fit ted, made about radio-activity. Thus President Eisenhow- 
M declared in 1956: ‘The continuance of the present rate of 
M bomb testing by the most sober and responsible scientific 
bidgment.. . does not imperil the health of humanity.’ But in 
vnA President Johnson conceded that: *1116 deadly products 

• •f atomic explosions were poisoning our soil and our food 
«ml the milk our children drank and the air we all breathe. 

, , . Radio-active poisons were beginning to threaten the safe¬ 
ly of people throughout the world.’ Similarly in 1953, the 
ARC said fallout would be evenly distributed over the globe 
(proved untrue in 1958), that it would come down so slowly 
the fission products would have decayed (acknowledged false 
In 1962), and that fall-out was far below the level at which 
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genetic damage could occur (disproved by P>‘ 

AEC Advisory Committee reckoned it would < <uv 
13,000 cases of serious genetic defect throughout 
So much for official reassurances. 

We need a minor disaster to shake our rulers out »•**#= 
case-hardened complacency. Perhaps we shall yrt n 
Great Lakes. It seems that the bulk of the pollutant < »| 

in the bottom silts by iron molecules in the for mu-, 
anoxic conditions, the iron is liable to convert to tin 
state, releasing all the accumulated muck, which v\.li 
the surface, turning the whole area into some ‘.mi i ■ 

swamp. That would just about put a stop to tli* • - * 

‘hysteria’. 

Failing a warning of this kind, the only thing whi. t. - 
keep governments up to scratch is intense and n * 

pressure and supervision by the public. Private 
monitor what is happening and publicize it, though !•». ^ 

into existence in America, are desperately needed in 
other countries. And the more so because, in the >■ 

against obvious pollution, there are less obvious kind*, 
are easily overlooked. 

BLIND SPOTS 

Leaving aside the problem of radio-activity, already 
cussed, perhaps the most seriously underrated problem I 
us, in this year of grace, is that of thermal pollution 
English, heat. In many parts of the US the capacity <>l 
environment to absorb heat is going to be the limiting < m 
tion for the use of nuclear power, especially in the imi 
west, and restriction will begin to operate in a year or i • 
unless a solution can be found. The projected 1980 pou 
output will need half the total runoff of US rivers for coni f 
purposes, except in the four months of the year when ri\. 
are in flood. But that’s an average: in some industrial an o 
more than 100 per cent of the water passes through the In » 
exchangers of power-stations, i.e. some of it passes twio 

In the Chesapeake Bay, nuclear power plants now plann. i 
will pump 3 million gallons per minute of cooling wain 
which is more than the flow of all but three rivers in Mi 
whole Chesapeake complex. Heat is ‘a very important lethal 
directive and controlling factor in the aquatic habitat,’ sa\ 
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t Mlhursky. When it does not kill, it alters metabolic 
m I, i|,e water reaches 90°F. the eggs of many species, 
oysters, begin to die. By 34°C. ( 94 . 2 °F.) ‘little or 
,.„,lvul was observed in 1 to 8 hour exposures. Cooling 
mt Inn been known to heat rivers to 95°F. five miles 
irum from the plant, and 115°F. may be found near 
Mtny small organisms actually pass through the heat 
i,. uuers of the power plant, and here the losses rise to 1 
.hi from the chlorine added to prevent fouling, 
rum to use the warm water to encourage vegetable 
gptlh may be nice for the vegetables (except for contami- 
by tritium) but do nothing to solve the thermal 
...ilon problem, since the heat is only required in winter. It 
h iiimmer, when flows are low and ambient temperatures 
il,at the crunch comes. And there will be unforeseen 
*..i«, Thus sharks are now entering Southampton Water, 
...ried by the warmer temperature. Some US rivers may 
to boil by 1980, and by 2010 may evaporate complete- 
, ording to two Rutgers University experts. The disposal 
a. ill may be the limiting factor in power supply. 

' 1 1 ,Inc is another problem which is brushed off as a 
all( nee rather than as a threat. Yet there is evidence that it 
.. ttrdio-vascular, respiratory, glandular and even neurolog- 
,1 effects. German steel workers, exposed to intense noise 
work, have abnormal heart rhythms, and the Russians 
.,il that workers in noisy ball-bearing factories have a 
,1, rate of cardio-vascular irregularities. Many Italian 
...vers who work in noisy surroundings exhibit hyper-active 
(li nes and electroencephalograph test results on these same 
,„iilc are similar to those normally associated with personal- 
ilisorders. Dr K. E. Farr of the University of Texas 
liool of Public Health, Houston, believes that noise can 
'•er ulcers, allergies and mental illness. 

I icquently the noise is quite unnecessary: few factories 
..mine their processes to see whether they could be quiet- 
• ,1. In one case steel balls were scooped from metal 
•niiiiners, dropped on a metal-topped table and poured into 
... t„I hoppers. When the metal parts were surfaced with 
....ul and leather, and the underside of the tables covered 
lib sound-absorbing material the noise dropped to reason- 
•■lu levels. 
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offenders. Mark Abrams, a British sociolo r l-,i. . 
per cent of the population of crowded Britain ,,, 
noise in their homes. Yet the Noise Abateme nt 
does not cover cars, aircraft, or statutory umlcii..! 
as British Railways. Furthermore it is a defem. it,., 
practical means to abate the noise have been u ,. ,i , 
British airlines wffl carry 30 million people, ««■,!,„. ,. 
in 1967, with continuous aircraft noise a perm,.. 

me urban and suburban environment throuuli.mi 
Bntam’. 

Finally, I suspect that, despite the fuss, the lull .1 
common-or-city air pollution is still under-estimm. ,1 , 

s ill know practically nothing about the interim 1 . . 

place beween several pollutants present at the sum. , , , 

expect that the effects multiply together (synergi-,. * 

than merely add. For example, rates of absence 

are related to levels of sulphur dioxide and .. 2 

(dust} m combination. Sulphur dioxide affects lung i„. 2 
m healthy persons at levels as low as 0.5 ppm * 
American study shows, while an Italian investignt,.,i. , 

school absence correlated with pollutant level, 
studies show that people’s ability to take physical „ 
reduced by exposure to oxidants. 

Such knowledge as we have is based mostly <>n 
experimental exposures; but long exposures may he <i.. 

ous at much lower levels. Nitric oxide may seriously .. 

the capacity of the blood to carry oxygen after .. 

posure. (Blood has 300,000 times greater affinity for . 

oxide than for oxygen.) Professor Albert F. Bush „i , 
University of California at Los Angeles says that the I 
protective system weakens under prolonged assaults 

hrnnlhv Ce T? mbIed by the Federal government show, , . 
; “a Dd ^ ng ca ° cer rateS rise when the concern, „ 
of sulphur dioxide reaches 0.04 ppm in air. But Phikul, i, . 

for example had levels of 0.08 in 1968, and Chicago on, 
nearly three times the danger level. 

Of all airborne pollutants, we know least about ozone w 
do know that exposure to a minuscule 0.026 ppm for ■ 
hour is lethal to humans, and that in Santa Barbara the I 
has sometunes reached 0.023 ppm for one hour. Also . 

rnnir ! 8 t ! m ® 1S as harmful as a for a short 

Contrary to popular belief, ozone itself has no smell, so ih 
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m (Mining of a dangerous concentration. There is some- 
« (indl from associated nitrogen oxides, but this soon 
unnoticeable. Apart from the direct threat to 
|P* M/one reacts with other pollutants to form smog, and 
4| *»m> oils given off by evergreen plants to form a haze— 
if tun haze of the North Carolina Smokies is caused in 
| Ozone is damaging to many plants: in 1959 a 
m » fop of cigar-wrap tobacco was lost in one week-end, 

«$*« in ozone. 

these blind spots there is certainly a new atmo- 
of action in the field of pollution control. But are the 
-* f measures I’ve mentioned going to limit pollution to 
li * lot at which ecological disaster is no longer a danger? 

if no, for how long? For technology is growing all the 
m Industrialization is spreading, and people, over the next 
* »r years or more, will be becoming more numerous, 
nre good reasons to believe that measures of the kind 
Mvt- described will postpone the problem, not solve it. 
%• Ufps proposed to limit car emissions, for example, will 
<• a fall in pollutants at first, but by 2000, thanks to 
■ «dng numbers of cars, the US will be back where it was 

• <»/(), as far as levels in the atmosphere are concerned. 

• nil, are such measures going to protect the landscape 
' jurserve a satisfactory way of life? In an over-all view, 

• nrc underlying difficulties, both technological and ad- 
Nirntive, of a radical kind to be considered. 
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* * until ems we have surveyed are, when all is said and 

* iwo in number, but they interact: the sheer weight of 
h and the destructive potential of modern technology. 

* «logy is what makes the numbers possible; the num- 
mii what makes technology so dangerous. The solution is 
a .11 the numbers or to limit technology; or maybe you 

in do both. 

» il is widely believed that we can escape this dilemma. 
m least, though we may have to limit population we need 

• limit technology; at most, we may have to tame it a 

It is assumed that we can solve the problems created by 
* impact on the environment if we make up our minds 
that the technical means are there, and it only remains 
dm government to insist on their being employed. But is 

• to? 

1 . ilie US at this moment there is an impasse: the people 
-insible for ensuring the supply of electric power to all 
» want it declare that they cannot carry on effectively 
•iuse of the opposition which has been raised, on grounds 

• nvironmental protection, to plants which they wish to 
•druct. Coal- and oil-fired stations are being opposed on 
Minds of air pollution. Nuclear power stations are being 
nded on grounds of thermal pollution and the risk of 
llo-active releases. And hydroelectric schemes are being 
posed from concern for the landscape. They say that, 
i ttuse of these hold-ups, many major power grids are 
uhout adequate reserves and that actual power shortages 
iy soon develop. In short, there is a deadlock. It seems that 

Americans cannot have all the power they want and the kind 
i environment they want. 
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Is this a typical situation? Taking a general vi 
is it really possible to take the sting out of tin* t ' 
devices we now employ? I shall argue that i In *■ 
problems which cannot be effectively fixed, in ili¬ 
able, and others where the difficulties are econoim 
trative or political. Some of these problems im , 
problems, others are problems of amenity and spa 

TECHNICAL FIXES 

The purification of industrial effluents discharged Int i 
into water is the easiest of the tasks we expect to Im +* fe 
handle. This does not mean that we have all thr - 
now. We have reasonably efficient means of renm r 
and particles from smokestack fumes, and margin-*! 
cient means of extracting some other gases, such a 
dioxide. But to take out fluorides from smellci fu - # 
harder. Again, when it comes to liquid wastes, w<- • 
move solids and organic matter, but phosphates arc > ■ 
and nitrates all but impossible, while phenols turn to u• 
ant-smelling chlorophenols. (Sewage treatment plants di-* 
sewage into its components, mostly nitrates and plm-.pi 
which are the cause of eutrophication.) NeverthcN 
kind of extraction is the sort of thing which cheinl i* 
accustomed to tackle, and if we were to spend mom 
research and pilot plants as freely as it was spent on im 
out how to get to the moon, no doubt we should be I on * 

have acceptable solutions. 

The problem is more difficult when it comes to m 
vehicles and aircraft, partly for economic reasons. In¬ 
stance, we can omit tetra-ethyl lead from gasoline if w« * , 
prepared to accept a lower power-output, or find alternmi 
at a higher price. But in this case the emission of niti• 
oxides will be worse. Eventually, I imagine, we shall 
motors which will ‘run lean’ and avoid the emission ol » 
wanted oxides. 

Or take the increasingly serious question of disposing 
solid wastes. In the US people throw away 7 million car., 
million tons of paper and 48 billion cans, to say nothing 
bottles, plastics, and so on. Some domestic waste can ' 
burnt, and in London, Paris and elsewhere incinerators p- 
ducing sizeable amounts of electricity are run on solid wa i 
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w . nine wastes produces more pollution, and, in the 

** ,.( plastics, dangerous chlorides and fluorides may be 
,1 The gummy substances choke the equipment and 
t . ..inns sometimes occur. Some experts doubt whether the 
< ..f refuse to produce electricity is really practicable, 

„i M g In mind that glass and other incombustibles have to 
..moved by hand. The Japanese prefer to compress waste 
, mild lumps and dump it in the oceans. Here again, the 
, t.l. iim are quite severe but I would not go so far as to call 
**«tt Insoluble. 

iu& trouble is that all waste-disposal creates other wastes, 

... matter cannot be destroyed. The final solution is to 
.,v nil wastes into the component atoms and reassemble 
»loms into more useful forms. It has been suggested that 
hydrogen bomb could be adapted to make a fusion- 
I which would reduce all waste materials to atomic 

■ Hut how the atoms are to be reconstituted without 

(itiu Impossibly large amounts of energy is not explained. 

Mill harder is the reversal of eutrophication in lakes and 
, #lli Indeed, some scientists believe that the process is 
( oversible. In Sweden several attempts are being made to 
.imc small lakes on an experimental basis. One of these is 
Mko Trummen, in Smaland. Here scientists from Lund 
* diversity are engaged in an 11-year attempt to bring the 
ike back to life. They are having to remove a 20-inch layer 
.1 .rdiment from the bottom of the lake: there are 16 feet 
' wdiments, all told, but the top 20 inches contain most of 
I., pollutants. 

While this is possible in a lake only 10,000 square feet in 
-.I face area, it would scarcely be practical for Lake Erie or 
i .kc Michigan. The cost of the Swedish project is $200,000 
i J K0,000). 

While such problems as these are quite difficult, there are 
ahers for which there is no technical solution in prospect at 
,H I he first item in this category is thermal pollution—in a 
word heat. Heat is a form of energy and energy cannot be 
i. iiroyed. It can only be converted to some other form of 
Htrrgy. We know ways of releasing the energy locked up in 
l,ip|, whether fossil or atomic, but we do not know ways of 
nlng it up again, except by the expenditure of even larger 
.mounts of energy. 

There is therefore basically no way of getting nd ot 
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unwanted heat, short of radiating it into tli< ., . 
universe. We can deal, at some expense, with I. 
trations of heat, such as the hot cooling water In... 

station, by pumping it to some distant place .. 

no immediate harm, even perhaps good. Wit-.i 
wasted, and research on ways of utilizing it clh . iiv, i , ,»jj 
not be amiss; but in the long run the combustion i < 
must heat the environment. 

We can certainly postpone the heat death by . g 
heat to warm the sea or melt the ice-caps m , 
though we are far from having satisfactory technl<|iu 
doing. Sooner or later, however, we shall hnvr . . ...» 
radiating more heat, so that we may have to „ . » 
controlled turbidity of the atmosphere. We may 11 ■, i 
selves injecting dust particles in known amounts, 
lower the earth’s temperature by an amount which h .. , 
compensated by the heating effect of combustion i,. .. 
far-out solutions are not, of course, available at prcs.m i M 
current situation is: we don’t know how to cope v 
waste heat from power-stations. 

Another problem we have no idea how to solve is , 
pollution out of food chains. For example, if all rrl. , 
mercury were stopped immediately, it is reckoned tl, , 
would still carry mercury for a period between 10 :.n.l 
years. The same is true of DDT. Or again, we cannot „ , 
prevent masses of impounded water causing earthquake 

I would also include radio-activity in the class of pi. .i t 
for which there is no real technical solution. Then 
stop-gap solutions: some of them I have already dcs. rll I 
We can keep the stuff in a place where it will do little I... 
but we cannot detoxify it. The policy of storage is costly 
that there is strong motivation to release the active mat.. 
to the environment and rely on dilution to make them .11 
tively harmless. But, as we have seen, this is progressively 1 . „ 
satisfactory, the longer we go on doing it. Nor can 
prevent a certain amount of activity evading these arm,,, 
ments. The very cooling water carries some activity, a*< ,i 
the gases emitted—to say nothing of the mathemah. 
certamty of some accidents occurring. 

But the really awkward item is the one denoted by tl, , 
imprecise and unattractive word amenity. As David Brou 
ormerly Sierra Club director, has succinctly said, we kimv 
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' ten* lake a wilderness apart, but we haven’t a clue how to 
Mm* logether again. Why is a splendid valley less of an 
m ‘Hy* if it has a cement works or a coal-mine, or even a 
^ in the middle of it? It is an inescapable fact that 
prefer the irregular forms produced by nature to be 
U« i«f the regular forms produced by man, unless to a very 

I #»»*'! patent. A dam may be beautiful in itself, a factory 
•m «l« »lgned, but the presence of such an artefact destroys 
ipuility which natural landscapes possess. That natural 
«m» hi upes can be ‘improved’—in the sense that people find 
%• M-ithetic outcome agreeable—is shown by the great 
# landscape gardeners. Wilderness is not the only at- 
of scenery, though it is important; I am not speaking 
♦**«<•■( ihut. Our present problem arises from the fact that the 
-•uni of territory free from human intrusions is small. 

! *■ ■!< I wide, only one-tenth of the landscape remains essen- 
•IIV uninvaded, according to Brower. 

there is no technical solution to this problem. On a small 
!■. damaged areas can be rehabilitated. Eroded ground 
* he improved by ground cover. Open-cast mining scars 
i l*c filled in and returfed, concrete emplacements can be 
< “ken up and buried, and so on. But the costs are high. No 
- ns yet has attempted to remove an unwanted harbour, 

■ :*tucc an excavated hillside, or demolish an unneeded dam. 

’ - the large scale, the landscape is an irreplaceable resource. 
Ihe problem is, if anything, even more acute when it 
mips to the basic need for space. Space cannot be conjured 
»i of nothing, and more people necessarily means less space 
1 •« each. And, as I have already argued, more mobile people 
*1«* means less space for each, where ‘space’ means freedom 
•m unwanted interaction with other people. There is no 
finical solution to crowding. 

In the long view, the only thing which can be done about 
‘Mihlcms of over-population is to reduce the population. As 
• are not prepared to go out and shoot one person in five, 

* obvious technical solution, population reduction, is evi- 
1 ntly going to be a long process, even if we make it a policy 
and there are many countries round the world where large 
bunilies are still encouraged. 

While politicians hope for the miraculous appearance of 
‘ » finical solutions, the technologists, aware of their limita- 
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tions, hope that the problem can be solved by . 

political means. What prospect is there of this? 

CRISIS OF THE COMMONS 

Professor Garrett Hardin of the University of < 
known as the inventor of the principle of compciiln 
sion, caused a mild flutter in 1968 with a paper enlllM 
Tragedy of the Commons. In it he drew a parallel i ■ 
the over-grazing of common land in the eighteen! Ii j 
and the eroding of amenities, such as clean air, today 

A given piece of land will only support so many j 
animals: put on it more than that number and lh« r $ 

destroyed faster than it can grow, so that it dies and i 
the piece of land can support no animals. The man 
places one additional animal upon the land, however, ..i 
almost all the advantage of having an extra animal to , li * 
to consume) while the disadvantage is spread over .ill 
users of the land, all of whose animals will be iiyi , 
under-fed. In the same way, Hardin argued, the man 
pollutes a river or the air suffers a trifling loss but gain I 
disposal of his wastes. Thus exploitation tends to pi., i 
until the common property is ruined for everyone, imlii.i... # 
the exploiter. 

This analogy brought home to scientists a principle nlie, 
very familiar to economists, about which a good deal m 
can be said. 

The problem of the commons can also take another In... 
when, land is freely available. The users of the land 
exploit it and move on, as the American farmers did in i> 
nineteenth century, and as too many forest-consumers • i. 
do.. In this case, the disadvantages of over-grazing .». 
avoided as long as the supply of land holds out; but since H 
supply of land is not unlimited, the day comes when if 
policy must be abandoned. And if the population is grown i 
such exploitation pushes the costs on to a future generation 
The economic system has proved unable to cope with tin. 
behaviour too. 

How can we tackle the problem of the commons in In 
modem form? First, as regards land in the eighteenth cenhi 
ry, it was met by enclosing the land, giving it to a single 
owner and trusting he would have the sense to graze n 
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h «MVi»tlvely. We try to apply this solution when we hand 
» m of natural beauty over to a Parks Committee or similar 
■ fjty, which is said to hold the land on behalf of the 
§ Ml* The income of the officials does not depend on 
-imi/.ing profitability but on the judgment of the public as 
Im»w well it is discharging its task of preserving the 
»; nlly. More often, we prefer to set up a watch-dog agency 
i tunic kind, charged with the task of regulating the usage 
< iln* resource, by issuing licences, drawing up regulations 
*«.! |K)licing them, and so on. But as several studies have 
** .nnstrated in detail, such bodies eventually become sub- 
imt to the interest they are supposed to watch, and 
4- ntii ally are staffed by people drawn from the ranks of 
•ti they are supposed to regulate. ‘This has been so well 
■ umented in the social sciences,’ says Dr Beryl L. Crowe 

* Oregon State Uinversity, ‘that the best answer to the 
*« -lion of who watches over the custodians of the commons 

(he regulated interests that make incursions on the com- 

mntti.' 

I he belief that governments can establish agencies which 
ill effectively preserve the commons is a naive one for 
-nil reasons. Laws only work when a majority of people 
in willing to observe them without coercion: police forces 
mi only move against the occasional lawbreaker. When the 

* breakers become numerous, the task is more than they 
him manage, and it is made harder by mobility. 

Ihc belief that external authorities can be substituted for 
internalized controls (once called ‘conscience’) is one of the 
h dial delusions of our age. 

In this category we might include such things as preventing 
die transfer of species of animal from one area to another in 
« »lap-happy manner, or limiting the felling of forests and 
!*i eventing erosion. I would also place in this category, per¬ 
haps, the limiting of noise. 

In a perceptive article entitled ‘Consumers of the River’ an 
American poet, Wendell Berry, who lives on the Kentucky 
Klver, a tributary of the Ohio, describes how increasing 
numbers of motor-boats invade the river, playing radios at 
high volume, littering the banks with junk, and in many ways 
destroying the thing they have ostensibly come to enjoy: they 
even destroy it physically by the wash which they make, 
which undermines the banks. No agency can effectively police 
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such behaviour, and even if it could, it would m*i I 
complete solution, since the quiet and solitude iu» | 
what one visits the river to find. The pleasure* of * 
people are as destructive as is their work. 
pleasure is, in such a case, an empty one: the ■■ 
experienced simply as ‘scenery’. Its life is not undei i- 
appreciated. In effect, they consume the river. If vimi- -* 
numerous they cannot but destroy the solitude, disiml 
wildlife, and trample the grass, however quiet mid 
behaved they may be. Rationing access is the only soliu. 
and how is that to be done for rivers and wilderncssri, «•*?*. 
than enclosed parks? 

The attempts of governments to control common* h ♦ 
situations are also negatived in modern society by tlit i 
size of the problem. The only technique we have availnM 
to create specialist agencies to deal with specific proM. 
whether it be water supply, atomic energy or control of * 
air waves, and to hope that the executive can soim I* » 
co-ordinate their efforts. How far this is successful is -.!».* 
by the fact, which I mentioned earlier, that the milk * 
American mothers contains so much DDT that it should < 
be given to babies. In other words, the agricultural sperinh • 
have concentrated so hard on their task of food u.., 
production as to handicap the production of the human run 
But the purity of human milk is not their responsible iv 
Again, the AEC concentrates on nuclear power product^" 
without caring too deeply what its efforts may do to the IM* 
in the rivers or to the leukemia rate in man. The Corps ni 
Engineers concentrates on providing water supplies, without 
caring too much about the sacrifice of visual amenity and 
on—just as the Water Resources Board does in England 
Integrated planning of areas from every point of view h 
often urged, but no one seems able to arrange it. 'I In- 
problem is created by the density of population and tin 
consequent lack of any margin for error or adjustment. 

Not only is it virtually impossible for governments 1o 
control many commons-type situations—as a general rule 
they are very reluctant even to try, as we saw in the preccd 
mg chapter. 
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«IMKHUPTCY OF ECONOMICS 

•iifirvatives are fond of saying that everything has its 
i , and that the price-mechanism should be left to regulate 
v *1 tuation without interference. The pollution situation 
,mts a challenge to this doctrine which is worth outlining, 

* Hi e it is their alternative to regulation. In economic theory, 
r *,,pl© evoke a supply of goods which they desire in the 

blowing manner. More buyers come forward than can be 
applied. The seller raises prices until the weaker buyers are 
eliminated. This gives him large profits, so he expands output 
*,id other manufacturers enter the field which they see is 
rinfltable. As the supply of goods expands, the price falls, 
•ml with it profits, until no further expansion seems worth 
-Idle. This principle works reasonably well for goods which 
4 ii be made and offered for sale. But there are areas where 
u works poorly or not at all. For instance, it does not evoke 
« Riipply of things which the whole community wants only 
■uc of, such as government. Other arrangements have to be 
Hiiulc. It does not evoke things which cannot be packaged 
Hud sold for a price, among them clean air. (It attempts to 
iopo with such situations by offering goods—for example, air 

• onditioners—but does not entertain more radical solutions.) 

Another thing which cannot be manufactured, when there 
U n demand, is land, so when there is a demand for land the 
price rises, but is not subsequently reduced by an increased 
supply. This is why rising land prices give a socially unjustifi¬ 
able profit, and why many governments act to prevent this. 
IVonomists have tried to bring land into their system, by 
ansuming endless supplies of land of decreasing value to man, 
which can be brought into use as demand increases. But the 
point has been reached where these ‘endless supplies are 
drying up. It was always a thin argument, for unused land in 
Kamschatka is no use to expanding Los Angeles, and the 
price of land in California is not limited by the existence of 
unused land thousands of miles away. 

But where it fails most seriously is in preserving unique 
existing values, which nature provides free. However great 
the demand for fine scenery, no industry can manufacture it 
and sell it, just as no industry can manufacture and sell clean 
rivers or clean air. Moreover, since no price can be assigned 
to these assets, when they come into competition with some- 
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thing on which a price can be set, they take n«* .i 

Thus, the economic advantages of mining or m.d 
or using the land for building can be calculated. II: 
ic disadvantages of losing fine scenery cannot In I. 
economic system has built-in biases against all non i 
values. Hence the resort to regulation. 

The fact that people will contribute money to 11» i * 
vation of something which they may never see, and 
they do not ‘enjoy* in the legal and economic sen ■.* 
that its mere existence is a value to them. As John I 
points out, the total elimination of a ‘resource* such 
derness, or a species, constitutes a loss which cannot I 
uated by simply totalling up the value of small bits. Mon * 
in destroying unique resources we have to consul* , 
only whether the present population values them, but wit* 
er any future population might. With changing circunr 
es, people learn to make use of resources, as has liap|*f ‘ 
with camping and water-skiing. A century ago, skiim 
snow was unknown outside Scandinavia, and the v.ihu 
mountain slopes in the Alps or Appalachians was vithi 
nil. 

Thus the overall situation is that the technologists e i 
the politicians to find economic or administrative soluiu . 
while the politicians hope that the technologists will prod** * 
some miraculous ‘fix’. 

A drastic reduction in population would provide a wav . 

of such an impasse: failing that, we have no alternative- i 
to put limits on our burgeoning technology. Indeed we n* * I 
to do both. Technology keeps giving people enormously . i» 
hanced power to do harm. One man with a loudspeaker * .hi 
destroy the peace of a thousand. One man with a hand 
grenade can wreck a jumbo jet. A single saboteur can pul .* 
million people in the dark, or worse. And what is worn*-, 
harm can be done without knowing it or intending it. I \u 
Utah farmers did not intend to kill the Scottish fish (p. 20) 
The person who makes use of nuclear power does not intend 
that someone, somewhere, shall get leukemia as a resuli 
Least of all that the victim shall be himself. We have become 
too interconnected, physically, too disconnected psychologi 
cally. It is our way of life that has to be changed. 
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i I'CIINOLOGXCAL TREADMILL 

i tiro, octets depict a world, less than fifty years ahead, in 
m. I. we shall all fly around like crazy, though .fay 

..,-quiet on the kind of problems we have been discuss^ 

I he forecast sounds like something fr 3 

•iiiee-fiction magazine. According to the staff 

journal, we shall have JVnifiti 

„,lv dwellings’. We shall eat mostly ‘analog foods spun 
.... soybean and ‘produced to meet almost any wnowrtte 
.. inry, religious, ethnic or geographic ground ™ 

of us who obstinately prefer real foods, an automated 
hen will cook everything under puneh-card mstnictions, m 

.ii< towave ovens. ‘A few problems 
,nnc. For example, a microwave oven doesnttumcooke 

. W their usual colours; a well-done steak still lcoks raw. 

food experts are convinced that such obstacles wont 

. vent drastic changes in the ^tchen.’ Says a spokesman^of 

•twin and Company with evident relish.^ By y 
„ «*ll have eliminated the pot and the pan. 

I he Foreign Policy Associations f ° recaSt . fC J .^ e why 
more people going more places though it is hard Y 

,‘ y wm want to! since ‘TV will saturate the world with 
. lectronic culture’. From the depths of the jungle we shall be 
.hie to telephone home, thanks to satellit > , 

(KK)-seater supersonic transports crash past overhead. B 

mural technology’ will make sure th . at J e '“ J< * Sfi 

l, „| nightmare, and vast computerized files on everyone 

t nsure that there is no dropping out. .. . 5n 

What is crushing is the tone of unbrid e op 1 
whTch these forecasts are made. ‘You can have a friendly 
irlationship with a computer that a teacher couldn tMtim 
01 ’ savs G E Callahan of American Telephone and Tele¬ 
graph. Brilliant lighting of roads and yards ‘will cut the enme 
ute’ (My bet is the crime rate will be up, not dow .) 

distant doctor will diagnose your depression from afa^ By 
the vear 2000 you will be able to do just about everything 
but shake hands or kiss your wife via eleC ‘ r ° n ^ C °™7vn 0 te 
Hons.’ (Surely even that could be 

of doubt is summarized in the observation. The rich will oe 
richer, the poor relatively poorer.’ Or perhaps that is an 
advantage too? 
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How many people seriously believe this is worth tl». r 
or even worth having free? When I was a teen.ip i. i 
to read this sort of prediction with the greatest 
and pleasure. It is the common mechanical hint » \ ‘ 

schoolboy: speed, tension, power. With increasing m « Mf 
one comes to see that it is not a blissful dream I { 
nightmare. Unfortunately some people and not only il i 
low intelligence, continue to hanker after this inhuman. '«* 
tasy. Precisely because of their strong manipulative «••,.- 
they often reach positions, whether in technology ot p i. »* 
where they can work towards making their fantasy , * 
That others, probably a majority, do not want that I n.a m 
world they find hard to believe. How valid is the in Inn 
dream taken at its best? Andre Maurois has warned u > M 
over-populated earth will bring forth unintelligent gem i »n *4 
because culture demands leisure and silence, which u * 
become lost qualities.’ Is that profound wisdom, or tin- . 
table cry of an old man? 

The technicist would probably say the latter, becam* u. 
not much interested in leisure and silence—or even in . 
as Maurois intends the word. His mistake is to belie w u * 
all men are made in his own image. But personality in ' 5 
show us that there are many types of men —and m 
life-styles, all equally valid, as far as anyone can |n-i 
Some people like to live the life of contemplation, withdi . 
from life. Some like to live a life of service in the wm.m 
some a life of quiet enjoyment. The technicist dor- .. 
really give serious consideration to all these possibilities. 

One of the best-established principles in economics i 1 1, 
one which says the more you have of anything, the* l * 
satisfaction you get from having some more. Ollier- 
known as the principle of marginal returns. One car m 
make a great difference to your life. The fourth car jusl p 
you the choice whether you will go there in the sedan 01 il> 
convertible. One crust of bread may save a man from sim 
tion; a thousand crusts would simply be a litter problc 
While this is well understood for specific items, it is n * 
generally grasped that it also applies to material goods i.ii 
as a whole. 

In the early stages of industrialization, the benefits in tci 
of real satisfaction are great. Running water and elccin 
light make life vastly less onerous. A home, sufficient clot 1 1 
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\ food are of basic importance. But industrial civilizations 
i cached the point where a majority of the population is 
latwMuing goods which yield only marginal satisfactions. We 
HMiimc far more clothing than we need, changing because 
HdUiHi’ has changed and discarding clothes which are far 
worn out. We know how to make clothes in large 
, utilities, and we do this. But the satisfaction gained is 
**11 It is rather that we avoid the dissatisfaction of being 
fluted of being out of fashion than that we get any positive 
^uic. People who live secluded lives seldom, bother much 
ffaHul fashion. 

M.iw much further, then, would any sensible person press 
lirnd? It is said that the US average income by the year 
<i will be five times the present figure. I, for one, feel little 
t§* lo spend five times my present income. (It could be 
i , of course.) 

• hie more reason why the panic rush of technology cannot 
Mimic much longer is the drain on world resources. The 
‘Militants of North America, about IVz per cent of humani¬ 
ze using about half the world’s yield of basic resources. 

■ ’()()() they will, if permitted, be using all of them. As 

• 'lessor Preston Cloud has pointed out, the US has virtually 
manganese, mercury, chromium or tin and imports most of 

bauxite from which its aluminium is derived. Hence it 
Mild be impossible to bring the whole world up to the current 
•uriican standard of consumption. It would mean circulat¬ 
ed more than 60 billion tons of iron, a billion tons of lead, 
( i) million tons of zinc and more than 50 million tons of tin 
hrlween 200 and 400 times the present world annual 
it put. No such increase is possible by the end of the century 
if ever. Philip M. Hauser, the sociologist, considers that 
.uld resources could support a population of about half a 

• lllnn, only, at the current US standard. Meanwhile America 
a n eeds on the assumption that she can treble or quadruple 

fii.it standard of consumption. 

Many Americans not only aim at an increasingly urban- 

• J, high-consumption society for themselves, but urge a 
timilar course on under-developed countries. It just doesn’t 
-•.ike sense. 

I he high-density, technicist society is not only inhumane, it 
also at risk—as the New York power black-out showed. 
Mu* country-dweller of 50 years ago could ride out a blizzard 
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without help. The modern city-dweller depend*!. - 

uance of power, transport, communication, 
import and refuse collection for his exist oner 
interruption of a single public service would • *• 

crisis; a four-week break in all of them would u 
phe. 

I now wish to suggest that such a future in in>t * | 

difficult of attainment as to be impossible unli 
prepared to pay enormous prices in ill-health, Iihmum 
and loss of amenity—and to run enormous risk 
catastrophe—but that it is actually undesirable nn 
grounds of human happiness and the conditions wit. i. *. tf 
imize it. 

There is considerable and mounting evidence Hint iu- *- t 
society devoted to maximizing the supply of good .1 
provide, for the majority of its members, the basic • = 4 

satisfaction and peace of mind which we may sun hum. 
‘happiness’. The existence of such unhappiness is rvM * 
by the extent to which people resort to alcohol, <<! 
sexual activity, drugs, and other devices for lowering * 
ity, distracting attention, or inducing euphoria, as tU 
large numbers of depressives, including suicides: •• 
these have rational situational causes for their sadne » 

however are depressed because their whole life Min . 
strikes them as frustrating or unsatisfying. 

Some people seem to find it extraordinarily dillK uli 
admit the reality of man’s less obvious psychology ,d 
mands. Thus today, in wealthier countries, there is » v 
sionate interest in objects made with love and crali 
ship, however useless—from old mill-machinery to 
locomotives, together with antiques of a more convent i 
kind. Yet if anyone suggests that the industrial process . 
be rearranged so as to readmit craftsmanship, he is reg-" * 
as an unrealistic reactionary. 

Certainly to plead for a deliberate lowering of the cIL t 
cy of industry, in the interest of better social structim 
improved job satisfaction, or both, will sound absurd 
countries where large numbers of people are short ol n. 
necessities of life. It is not my intention to do so: I « 
propose that in countries which can afford to manufmi" 
huge quantities of evanescent trifles and discard objects h 
boredom long before their useful life is exhausted, it won! ! 


m 
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[ §f 1.1 nrlze the opportunity thus offered to restore to life 
§ of ils fundamental satisfactions. 

i * t , subject is a large one and I have explored it in more 
i the where ( Conditions of Happiness, 1949). Here I 
f# i inly to make the point that much of this frustration 
, from the industrial process itself, now that it has 
Mi.n so largely organized for technical efficiency rather 
l-»h satisfaction. A recent study on this topic is that of 
fumor Harold L. Wilensky of the University of California, 
f k#dey, who finds that people whose jobs call for little 
* iial psychological investment experience a diffuse 
h n.r in their leisure time, and find it difficult to make 
r Mu live use of their leisure. Men with demanding jobs, in 
^ haul, make constructive use of their leisure also. More- 
Wilensky noticed that the first group of people were 
pulsive television-watchers. They felt guilty about this 
h i wanted to do something else, but ‘just cannot tear them- 
* i a way from the screen’. They do not even enjoy most of 
» i (hey see. The second group, in contrast, watch televi- 
j| M , on a selective basis and enjoy what they see. I am 
nfldcnt that the function of this obsessive television- 

I Aei. hing is to distract the mind from contemplating the 
fctijllly of such an existence. Wilensky puts it differently: 
theiiMlion from work means alienation from life. Incidental- 
, this shows how mistaken is the common belief that a 
illy increased leisure, due to reduced working hours, will 
,i vide everyone with a more satisfying existence. In reality, 
will only do so for those who already have managed to 
Ur their existence satisfying. 

As 1 have argued in detail elsewhere (in Hernmende 
,, tkturen in der Heutigen Industriegesellschaft, ) 969) in- 
• try could do a great deal to make work more interesting, 
.1 perhaps increase productivity thereby, rather than the 
nwMse, since enhanced motivation and reduced incidence of 
, ikes and work-absence might follow. In a British factory, 
h simple experiment of letting two men switch jobs halfway 
Hough the day increased their output 12 per cent; when 
Ifoy were allowed to switch twice a day, output rose to 17 
i* i cent. 

Hut let us not press the point. Let us assume that the 
hole industrial machine could be reorganized so as to 
,, lore social and personal satisfactions only at the cost of 
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lowered efficiency in the narrow economic •. 
probably the general case, for there is not mn l» 
to be found in producing articles of a trivi;il din 
poor quality or both. (It is hardly a coinch I • ■» 
Rolls-Royce company has far fewer strikes Hum 
production car manufacturers.) Would not .sm h .. 
zation be well worth while? 

It is intuitive awareness of this possibility, I I*, i 
underlies the belief of many of today’s student' 
whole existing system needs to be swept away. I l»i« « 
they mean by ‘the rat-race’—and not simply tin • • < m 
nature of the struggle for advancement in many • ■ .# 4 
commercial and industrial life. Thus there is a mi rN 
chological pollution’ associated with the industrial 
top of the physical pollution. 

Recently, an ingenious New York toy-maker pul n • ♦ % 

tape-recorders playing a short continuous tape i .... 
laughter inside paper bags and sold them at a pim ' 9 

(£2). To his joy and astonishment, he received a mil It 
a half orders — doubtless the figure is much higher h\ ■* - 
we have here a diversion of resources equivalent i.. 

$7m. if not more. To be sure, the gag is a harmless .... * « 

equally society could do without such gags and w....' i 
well advised to do without them, if the pay-ofl wn. , 
air, cleaner water, more unfelled forest, and so on. Still 
so, if the pay-off includes peace of mind. Given the 
we have, it is a perfectly legitimate choice to have a I lit I 
—even if it would be still better to use the mom 
resources for some socially urgent purpose. My point h y 
again, that there is a choice we cannot make as indh > t 
to prefer a less-spoiled environment and a more .\.m i 
manner of life. 

Industrial society is committed to a self-defeating pc 
the manufacture of ever more goods in the belief thev • 
satisfaction, by means which create dissatisfaction. N<> * 
knows how to escape the process. Advertisement and 
deliberate devising of trends and fashions are needed 
ensure that what the machine can manufacture is con-an.' 
Advertising agents defend their activities in so many v\ 
saying we must create markets to avoid unemployment 
veloping. Thus we end by consuming in order that we n 
produce, instead of the reverse. This I call the tech nob m 
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h , i.Hill, since we seem unable to get free of it, but it is 
* like a ‘down’ escalator moving faster than we can run 
y m io that we shall soon be dumped off it. 

I nix'd not pursue the point, which has been made several 
I*, * before. I wish only to make clear what I am talking 
> mi, itnd to demonstrate that it lies at the basis of the 
t .iment problem. The solution of this problem necessi¬ 

ty not only a drastic reduction in population but also a 
l ci, reduction in the intensity of the industrial process. 
I*! I mean ‘necessitates’. 

I In* reason that governments cannot act effectively on the 
|i iiiinmcnt problem is that neither governments themselves 

# (hr people they represent perceive or accept the necessity 
inch a drastic reorganization. The reason many students 

|Mt lo sweep existing society away is precisely because they 
&t'i iii this. 

I MDERS OF TECHNOLOGY 

f,« Mty that society needs to be re-organized on a pre- 
Irial social pattern, so as to restore classic satisfactions, 

| often seen as an attack on technology, and is arraigned as 
«uddltism’. Actually, it is not. A society organized in a 

* lully more rewarding way could and certainly should make 
* 4 * of technological advances in an intelligent way. In my 
, Mill, 1 lived in Scotland without electric light and for a 
i Mir without running water: I appreciate sincerely the ad- 

mlngcs of not having to pump water on a cold night and 
• convenience of lamps which do not have to be filled and 
nucd. My case is only that technology should be used 
be lively and in moderation. As David Brower has said: 
imm now on it will no longer be enough to ask if man can 
something. We must also ask whether he ought to.’ 

Hie physicist and Nobel prize-winner Murray Gell-Mann 
recently made the same point. Speaking at a symposium 
ffliored by the John Muir Institute for Environmental 
•Milies in San Francisco, he named the capacity which tech¬ 
nology gives man to destroy the environment as one of the 
ilin'e factors which contribute to the problem, and said: ‘It 
u»tiil to be true that most things that were technologically 
usible were done . . . certainly in the future this cannot and 
.Mini not be so. As our ability to do all kinds of things, and 
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the scale of them, increase—for the scale is planetary (• 
many things today — we must try to realize a small* i 
smaller fraction of all the things that we can do. Th. <■ 
an essential element of engineering from now on must i- » * 
element of choice. . . . For example, if no supersonic i 
ports fly supersonically over land, that would be an < • »■* M 
of something we can do and don’t for environmental i«.» 

If there are no SSTs at all, that’s possibly even better.’ 

Having been laughed at for suggesting this myself, i * 
years ago, I am delighted to have such weighty support 
still incline to believe that H the US ‘standard of livln> 
thirty times that of Bengal, Americans are thirty tim« n ,» 
happy as Bengalis. 

W. H. Ferry, for ten years a vice-president of the ( «».«- 
for the Study of Democratic Institutions at Santa Bnilmt* 
has gone so far as to propose a two-year moratorium 
technological innovation, as well as the establishment <>( * 
national ecological authority. 

Even Ludditism is not as bad as it is painted: the term 
used as if no justification were needed for the pejorati ■ 
implications. Ludditism, so those who use the term think 
means short-sightedness, lack of imagination, uneducated i 
ly. But to choose a simpler way of life is a choice win* h 
every man has the right to make. When Lord Leverhulm. 
undertook to build a fish-curing factory in Stornoway 1.1 
provide work for local crofters, a town meeting was held, .1 
which the islanders’ spokesman courteously rejected the oil* i 
explaining that they preferred the old ways—they prefermi 
freedom and lower incomes to comfort based on servitude 
Who can say they were wrong? 

It is constantly asserted that it is unrealistic— sometim. 
the word ‘impossible’ is used—to turn back to the past. And 
so it is. No one would wish to do without antibiotics 01 
anaesthetics, for instance. But that does not mean that tli« 
good elements of the past cannot be combined with the goo. I 
elements of technology. The argument is a specious one, in 
which the word ‘past’ is first used to mean ‘an exact repro 
duction of the past’; then the meaning is switched to ‘any 
elements of the past’. 

The suggestion that any limit be placed on the desire and 
pursuit of technology always evokes very strong criticism and 
opposition from a number of people, mostly in the scientific 
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....I technical fields themselves. Their comments are usually 
,, plosive and indignant, rather than reasoned. We should press 
w)l confident that somehow technology will solve its own 
problems, they cry. 

It is worth asking why the defenders of technology feel 
tlirmselves to be so emotionally involved. The answer, I 
think, is this. As has often been said, and as Sir Peter 
Mrdawar pointed out once again in his essay “On The 
Meeting of all Things Possible’”, the collapse of the 
medieval belief in the divine order led to a moral vacuum in 
which nothing had a purpose and man was a cipher. A sense 
of despair was born. This ‘failure of nerve’ (the term is 
Inynbee’s) was exorcized by the rise of rationalism; reason 
was not merely necessary but was sufficient as a justification. 
Man’s inspiring task was to understand the cosmic scheme; 
tils personal dignity was derived from his brilliant successes 
In doing so. Rationalism in general and science in particular 
thus took the place of religion—or, if you are willing to 
define religion as a myth which gives purposes to mens 
lives, then science war a religion. Later, to this notion was 
uppended the idea that rationalism would improve mens 
ninthly lot. Communist belief in man’s unlimited power to 
mould the environment is only the optimism of the eigh¬ 
teenth-century ‘improver’ writ large. 

Today, religious belief has waned still further, not least 
among scientists, while the sense of man’s impotence and 
lutility has become stronger. Man’s follies and cruelties are 
better understood; education and rising living standards have 
not created a race of kind and rational human beings, as the 
n »e of reason expected. The social order has become more 
unstable. So the need to believe in man’s intellectual purpose 
mid in the certainty that it will provide a better life here on 
earth has become intensified. The optimists cannot give up 
this belief without abandoning their optimism, and relapsing 
into despair. Moreover, no one likes to live in a chaotic 
system. Science provides an intellectual system which prom¬ 
ises a stable frame of reference into which all phenomena 
can be integrated. (This also explains the reductionist tenden¬ 
cies of many scientists and their horror at anything that 

smacks of superstition.) . , , _ - 

This has been called the ‘technicist view by Professor 
.. o ^ Cxrwnmico t Tnivprsitv Tt reflects a desire 
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for order for its own sake and is seen as the only I 
agreement possible today. As he points out, the same i ' 
ena are interpreted in opposite senses by the opt inti* 
believe in technology, and the pessimists, who d<-< la¬ 
under this doctrine, individuals are caught up in » 
organization which has no other end than the maintm ... * 

the system. Thus human beings are reduced to in* ■ * 

means by which the system is maintained. 

This reduction of human beings to means is of ton 
explicit, as when the advertiser says that markets nm < «, 
created in order that the output of industry can I- 
sumed. It is common in socialist states, where the prnpi 
expected to adopt themselves to the convenience « »t .> 
‘public service’ rather than the other way about. 

Stanley points to four phenomena which can be intcipw 
pessimistically or optimistically. Thus the ‘plural society * 
posed of differing groups means to the optimist thin i 
taneity is increased and everyone can find the milieu 
prefers. To the pessimist it means tribalism and the w.< •< 
cults. The optimist believes that the human need lot 
sense of community will be met by the existence of unlv. 
humanism, and that the organization of this community • 
be achieved by information-exchange. The pessimist say* lUt 
a bogus sense of community will be created by a propng - 
of loyalty-evoking symbols and abstractions, and that < ■- 
organization will be a cybernetic system in which hum*' 
beings will be helpless units. Finally, the optimist hopes «i. 
social problems will be met with clear-cut technical solution. 
The pessimist, if he believes that technical solutions ... 
possible at all, fears they will be imposed by a closed tci In. 
cratic elite on people who cannot understand or take pmi 
the decisions. Which is right, is what Professor Stanley 
attempting to discover. 

Medawar joins himself unambiguously to the optimi i 
seeing the present despondency about technology not as i. 
suiting from the collapse of the technicist myth, but marl 
as a temporary ‘failure of nerve’. His solution for the mise.u 
riages of technology is more technology. ‘The deteriorati > 
of the environment produced by technology is a technoloH 
cal problem for which technology has found, is finding, an.I 
will continue to find solutions.* 

Unfortunately, in addition to finding solutions, it will also 
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M b» more problems. The crucial question is whether it will 
i rtnswers as fast as it creates problems, and how big the 
» l«g will be. By the time technology has found a way of 
Mwing radiation, we may all be dead. Equally crucial is the 
Mion whether the solutions will be applied. I have already 

• •meed reasons why the political response may be wholly 
*.i#quate. This is the real defect of the ‘technology can 
!*( Hsclf by its own bootstraps’ argument—it leaves the ball 

ilm politicians’ court. It is one more example of the 
.. -inn of responsibility to which I referred at the start of 
**« i Impter. 

Mrdawar seems himself to have some underlying doubts, 
lie offers the alternative hope that there are tens of 

• .iwinds of years to recover from any mistake. No doubt a 

• arm citizen, fleeing from the sack of Rome, would have 

• faintly cheered to know that in a thousand years or so a 
..•parable civilization would have been erected on the ruins 

I i he old. But he would hardly have regarded it as a reason 
. • not assassinating a Goth or a Hun if opportunity of- 
IHfd. 

mi I OVE OF NATURE 

Mu current wave of enthusiasm for pollution-control has 

• .iird the interests of many disparate groups, from fishermen 

hypochondriacs, and among them are conservationists. It 
» lm|>ortant, however, to realize that conservation is a dis- 
ittfi issue which lies within the pollution issue. I limit the 
k .. id ‘conservation’ here to mean the preservation of un- 
. udied landscape and ecosystems—though later I shall 
Hicuss this definition in more detail. Preservation is a much 

• h. der horse to sell than anti-pollution. Many people dislike 
..itldy heaps of junk, simply because they are disorderly; 
...my people object to filthy streams in which you cannot fish 
i f Hwim, and especially if they stink. Everyone objects to 
.nogs which make the eyes smart, and everyone objects to 

, .Mutants which threaten health. But these same people may 
quite unmoved to hear of the damming of a remote 
willcy, which they may never visit, the destruction of some 
•pecies of plant or animal, or even the vanishing of a pre- 
um hnical human culture. 

As I argued in Chapter 10, the deep sense of unity with 
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the landscape and with all life described by m...., 
writers, and by mystics both Christian and on.m 
in a psychological process in which the ego, th¬ 
is dissolved. Oriental occult teaching, as wi ll « 
mysticism derived from it, asserts that cm h huh i 
formed from the divine ground, or Atman him n ^ 
to speak, by the walls of his ego. At deal 1 1 m. 
dissolve, the individual loses his individuality nn«t * 

again in the ultimate reality. On this basis, tin* nut.M .. 
experience is a supreme religious experienn , of *i.« 
order as the experiences of Plotinus or St John of <i, 

(There are doctrinal points here, as theological i ' 
be aware, but they do not affect my argument.) 11»« t ^ 
in contrast, is strongly individualistic, and feels m ' m 
remote from God, or the divine, and seeks, by * « | 

be readmitted. 

If it is really the case that nature-love is in soim .1 
genuine religious experience, of extreme imporlann 1 . * 1 
who experience it, we have no moral right to 1 . • 
availability unduly. And even if we take a rationalist *»# 
and deny the presence of a divine element, it h i.. . , 
experience of value and importance—which is why 
become so deeply involved in attempts to protect il » • * 4 
which it would be unjust and unwise to deprive pen pi * 
say ‘unwise* as well as ‘unjust* because it is evhbnil k 
ennobling experience, and we do not have too many nl n *= 
and probably it helps people to withstand the sin 1 
modem life. A world in which people live largely in . n» 
may need nature more, rather than less. 

There is no evidence, as far as I am aware, what pi-.p* 
tion of the population is capable of this experience 11 . 
who have it rarely talk about it. I imagine that they ti¬ 
the modem world, a minority though they may be coimn>^ 
in less sophisticated societies. The animism of primitive m 
expresses the feeling that plants and inanimate objects m# 
some sense to be regarded as equivalent to himself. M.-i. 
rationalism erodes this feeling. Thus the technological mu ll 
is unlikely to turn back on its tracks and give recognition 
this experience. Such evidence as we have from unsophi* 
cated countries which begin to become industrialized suhh 1 
that they develop appetites for the trivial all too easily. 

But it may be that the capacity of such experience is m 
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m ^ |t were not obscured by education or rendered 
C 3 ,ii»| c by the early experiences which dictate the forma- 
m f the ego. In that case, there may at some future date 
* e , m <ral demand for the restitution of a relationship with 
p |f by then we have destroyed nature, we shall have 
titled an unforgivable wrong. 

= u., mgument carries a further implication. If ah things 
* *!«, expression of some universal reality or Atman, then 
a n qually valid and have an equal right to existence and 
**pcct This, indeed, is the attitude of the animistic 
(as we choose to call him). If he has to cut down a 
he first apologizes to it, and secondly plants a new one 
f ,place it. Strong taboos exist to prevent wasteful and 
%*uivc exploitation of important resources, especially the 
m-lpnl food animal which is normally the totem animal 
fhe ‘savage* sees himself in a continuous relationship 

<h nature. . , , 

UtMlcm man feels, in contrast, that nature is there for his 
*** uience. He is entitled to ‘master* it, to ‘exploit’ it, to 
Si 1 it. He speaks of ‘natural resources’ as if oil and metal 
1 only that man should make use of them. As several 
,cities have recently argued, conservation is only possible 
mm learns to drop this arrogant attitude and see himself a 
of nature. The attitude is a form of anthropocentrism: 
ni once men believed the earth was the centre of the 
irse, in a physical sense, so now they feel man is the 
Mpfc in a sociological sense. Medieval Christianity gave 
Kplricrable support to this notion. God gave man dominion 
K The fish of the sea, and over the fowl of the air, and 
£ the cattle, and over all the earth, and over every 
**#ping thing that ereepeth upon the earth.* 
in my view, Christianity did not cause this development; 
m Bible merely provided convenient arguments to justify 
■Saviour which derived from puritan personality structures. 
5* Bible, as usual, also provided contrary arguments: ‘the 
Umth is the Lord’s* and it is man’s duty to protect His 
Mpcity, of which he only has stewardship. The puritan 
•tome to ignore this view. 

One of the 'greatest radicals in Christian history was St 
ftnncis of Assisi, who rejected the notion of the ant as an 
ttimple to sluggards, and flames as a symbol of the soul s 
Upl ration for God. For him they were Brother Ant and 
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Sister Fire, ‘praising the Creator in their own w.»y, • m « 
Man does in his’. St Bonaventura, the staUvsnmit * 
took over Franciscanism, tried to suppress hi*, i, , i , f 
later commentators declared that he preached i<» it. #l j 
a rebuke to men who would not listen. Not so l>. * 

little birds to praise God, and in spiritual ecstasy !!»• * 

their wings and chirped rejoicing’. Professor I ym, \‘ hn* 
of the University of California, from whom I hnr 
proposed St Francis as the patron saint of ecologists 

Whatever the role of Christianity may have l »<. h 
certainly true that we need to abandon th< .. 
aggressive attitude to nature, with its triumphs and i > \ 
throughs, and must learn to be more humble I 
enough to remember tales that strengthen my belief in „ 
semi-religious influence that was formerly at work am,.., f m 
people,’ wrote Sherwood Anderson to his friend • « 4 *i 
Frank, many years ago. ‘ . . . I can remember old fell 

my home town speaking feelingly of an evening speni . ** 

big empty plains. It had taken the shrillness out of . 
They had learned the trick of quiet.’ Says Stewaii t .. 
quoting these words, ‘A half-century later we havn m 
learned, and all but lost, the trick of quiet.’ 

Policies of conservation rest primarily on our willing... ♦. 
change our exploitative policies for policies of co-cxl m . 
The great ecologist Charles Elton has declared that tin t. 
three motives for conservation: first, that natural system 
interesting, beautiful and a source of pleasure in them I* 
second, that it is important to protect them, from a pi... h 
viewpoint; and thirdly—though he puts it first— the rcli., 
reason, that they have a right to exist and we have no ii| 
to persecute or destroy them. 

Albert Schweitzer once said that the great fault of 
ethics hitherto has been that they believed themselves to I. 
to deal only with the relation of man to man. He sho .,11 
however, have limited the arraignment to western ethics, I . 
some oriental religions (e.g. the Jains) insist strongly on iu 
rights of animals, even insects, to existence. The point is i. 
untaken in many quarters. 

Conservation, Elton holds, consists in ‘finding a wise prim i 
pie of coexistence between man and nature, even if it his i. 
be a modified kind of man and a modified kind of natiuc 
The task is one ‘of reducing direct power over nature, nm 
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I^Milng it; of letting nature do some of the jobs that 
m^crx and chemists and applied biologists are frantically 
#*mpling to do.’ We all too easily assume, for instance, that 
H Mvc to choose between having a prosperous agriculture 
m* «n aesthetically satisfying landscape. There are qualified 
m ri. who say this is not so. 

M society were determined to do so, their proposals could 

! «* Mpl°red and tested. At present there is small sign of any 
■It tendency, and scientists write to defend ‘the rights of 
#«' against the rights of the rest of nature. But the fact is, 

* * iMtie is not so much a practical as a moral one. 

t»H l It CRISIS 

[ Hi# crisis at which man finds himself is, in sum, a threefold 
- First, it is a crisis of values. What is at issue is two 
i ^metrically opposed views of how man ought to live. Up to 
i v it has seemed that the materialist view—supported 
emlly by parties of the right and the left—must triumph. 

' Mcnly it begins to appear that it cannot triumph. The 
♦li e then becomes whether to make an intelligent selection 
•m the gifts of technology and use them to enrich an 
mnune existence, or whether to commit suicide. It is the 
*♦1 that all parties in western countries are equally com- 
*♦11 led to materialism that causes the sense of despair and 
•M|»otence which assails many people today. 

I ike the lemmings, man is heading for the far bank of the 
Ivor. Suicide is not his intention. Has he the intelligence to 
"ii back? The lesson of history is that he never avoids 
«iustrophes; he just spends his time recovering from them. 
No doubt history will repeat itself. 

Secondly, we are in a crisis of disconnectedness. As a 
British observer has said: ‘One feels like asking, in the end, 
m»w crazy can the world get? ... no rational men would 
«» lually set up conditions in which their very food and water 
*rre constantly polluted, their children killed and injured, 
md their whole environment rendered fouler all the time to 
fir, eye and nose—not through their failures, but through 
i heir very efforts and so-called advances. Imagine you kept 
k nocking your own children down because you always ran to 
i lie bottom of the garden to get started on the weekend 
ligging. You’d walk. Imagine you found you were fertilizing 
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your cabbage patch so heavily you were polluf lm< .* 

water supply. You wouldn’t set up a research pi.* . . 
see how to cancel out the danger; you’d fcrhll/t i.. 
fewer cabbages and put your feet up more.’ 

There is the nub; society is too large, hcncc loo im t . t m 
and disconnected. Hence also, impossible to i» mi 

ciently. As Alfred Korzybski has spent his life .sho . 

you double the administrative span of an indivklu i ? | 
multiply his administrative problems by many tin.. . 

The number of possible relationships between five p» 
a supervisor is one hundred; in the case of ten n< , i i. H 
5,210. 

Finally, it is a crisis of responsibility. 

Man has reached a turning point in his history. \ Ip i. 
he has lived in a self-optimizing environment. Naim hI 
cesses have kept him supplied with oxygen and wai»» *4 

fertile soil, space to move, and even aesthetic pt« « .» 

without the necessity of intervention or forethought i 
part. Now he has reached the point where these aiilon. .. 
natural processes can no longer cope with his demand * . , i 
is not a question of whether he wants to assume control i. . 
obliged to. In future, man will have to decide how h. < 
cold he wants the climate to be, how clean he want* 
water and air to be, how fertile the soil, how high his dir., 
and mortality rates. And much else besides. 

It is a grave responsibility. It is far from clear that n* 
has either the knowledge or the political good sen., 
exercise this power suitably—that is, so as to ensim 
people a life at least as satisfactory as they had under th< 
arrangement. Indeed, it is quite on the cards that he m 
mismanage his powers so badly that he causes, in ■. 
degree, a disaster. 

Only those with a very naive trust in human nature v 
prefer to depend on man’s good sense rather than on u.- 
long-tested self-optimizing processes which made the cvoln 
tion of life possible. 

However, if he does make a mess of it, at least there will 
be no one around to say: ‘I told you so.’ 

It is the future of the human race that we have bc< i* 
talking about. 




' 

i..me Organizations concerned to protect 
■> Environment 


I * nters may feel inspired to give their support to one or 
! ^<«ip organizations concerned with the issues discussed in this 
I (...lit. There are many bodies, from anglers to landowners, 

| nho have an interest in preserving some aspect of the envi- 
I . .ninent. Following is a list of bodies whose primary object is 
[ * improve conservation and population policies on a nation- 
i or world, basis. 

onservation Foundation: 1717 Massachusetts Ave., NW, 
Washington, D.C. 20036 

i nvironmental Defense Fund, Inc.: P.O. Box 740, 

Stony Brook, New York 11790 
h lends of the Earth: 451 Pacific, San Francisco, 

California 94133 

f nvironmental Action Inc.: 2000 P Street, NW, 

Washington, D.C. 20036 

National Wildlife Federation: 1412 Sixteenth Street, NW, 
Washington, D.C. 20036 

Pnpulaiton Reference Bureau, Inc.: 1755 Massachusetts Ave., 
NW, Washington, D.C. 20036 
Kachel Carson Trust for the Living Environment: 

8940 Jones Mill Road, Washington, D.C. 20015 
Sierra Club: Mills Tower, San Francisco, California 94104 
Aero Population Growth: 367 State Street, Los Altos, 
California 94022 


PERIODICALS 

There is an increasing number of technical journals and 
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popular newsletters. Strongly recommended t.„ ,|„ 
reader are: 

CF Newsletter (monthly; 1 yr: $6; 2 yrs: $1 I t , 

U.S. All other countries: $8, $15, $21 ) <. 

Foundation, 1717 Massachusetts Ave NW u 
D.C. 20036 

Environmental Action (24 issues a year; student. , , . 

nary $4; business $10; contributing $50; supp,,,.,,, 
tnvironment (10 issues a year; 1 yr: $8.50; 2 yi . n t 

$1.50 additional postage on foreign subscript ., , 

mittee for Environmental Information, 438 N i 
Blvd., St. Louis, Missouri 63130 
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